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MINUTES MEETINGS 
THE SOCIETY 


April 1911.—The meeting was called order 8.30 
Bowman, Am. Soc. E., the chair; MeMinn, 
Assistant Secretary, acting Secretary; and present, also, 112 mem- 
bers and guests. 

paper James Howard, entitled “Some Tests Large 
Steel Columns,” was presented the Acting Secretary, who also read 
Talbot, James Christie, and McLure. The paper was discussed 
orally Messrs. Albert Lucius, Leon Moisseiff, Carpenter, 
Branne, Lewis Rights, and Worcester. 

The Acting Secretary announced the following deaths: 

Bion elected Junior, April 3d, 1889; Associate 
Member, February 3d, 1892; Member, November 2d, 1898; died April 
8th, 1911. 
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Harvey elected Member, March 2d, 1892; died 
March 26th, 1911. 

Epwarp elected Junior, April 4th, 1905; died 
May 8th, 1910. 


Adjourned. 


May 1911.—The meeting was called order 8.30 M.; 
Bowman, Am. Soe. E., the chair; Chas. Warren Hunt, 
Secretary; and present, also, 152 members and guests. 

The minutes the meetings March 15th and April 5th, 1911, 
were approved printed Proccedings for April, 1911. 

paper entitled “Sinking Wet Shaft,” John Hogan, Jun. 
Am. Soe. E., was presented the author, who illustrated his re- 
marks with lantern slides. Written communications the subject 
Messrs. Mason Pratt and Charles Buerger were read the 
Secretary, and the paper was discussed orally Messrs. White, 
Bertrand Wait, Hewes, and the author. 

The Secretary announced the following candidates 
May 2d, 1911: 


ALLEN, Great Falls, Mont. 
Los Angeles, Cal. 
Mortimer Ann Arbor, Mich. 
Rowe Farrineton, Middleboro, Mass. 
Harris, Wallingford, Pa. 
Ottawa, Ont., Canada. 
Tokyo, Japan. 

Frank Winnipeg, Man., Canada. 

Mustin Pittsburg, Pa. 

New York City. 

Louis Henry Buffalo, 
Hicks South Bethlehem, Pa. 
New York City. 
FREDERICK CHARLES Cleveland, Ohio. 


MEMBERS. 


Epwarp Honolulu, Hawaii. 
Lester Fort Shaw, Mont. 
Frep Bass, New York City. 
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Henry Cox, New Iberia, La. 

New York City. 

Harry Berkeley, Cal. 

Gatun, Canal Zone, Panama. 

Porto Bello, Canal Zone, Panama. 

Little Hocking, Ohio. 

Derwent Shinchow-Fu, Kwangtung, South 
China. 

Kenyon, Cristobal, Canal Zone, Panama. 

Epwarp Boston, Mass. 

Frank Price, Brooklyn, 

St. Petersburg, Russia. 

Leavenworth, Kans. 

Henry San Francisco, Cal. 

Joun Ottawa, Ont., Canada. 

Mason Boston, Mass. 

Horp Portland, Ore. 


ASSOCIATES. 


Brown, Burham, England. 
Price, Boston, Mass. 


Orro Leavenworth, Kans. 
Jones Bean, Portsmouth, Va. 

Patrick Cleveland, Ohio. 
Hansen Coyote, Cal. 

Henry Mix, Portland, Ore. 

The Dalles, Ore. 

New York City. 

Aaron St. Louis, Mo. 
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Gatun, Canal Zone, Panama. 
Roy Swinton, Ann Arbor, Mich. 

Roy Warp, Massena, 


The Secretary announced the transfer the following candidates 
May 2d, 1911: 


Curtis, Worcester, Mass. 

Hunter, Glasgow, Scotland. 

Morton Van Loan, Philadelphia, Pa. 


From MEMBER. 


New York City. 

New York City. 

Grover CHARLES Brown, Buffalo, 

Louis Fox, Wilkinsburg, Pa. 

Stanford University, Cal. 
Joun Bacon Jr., Urbana, 

JAMES CHARLES Hadlock, Wash. 


The Secretary announced the following death: 


Barton elected Associate Member, June Ist, 
died February 2d, 1911. 


Adjourned. 
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THE BOARD DIRECTION 
(Abstract) 


May 2d, 1911.—President Endicott the chair; Chas. Warren 
Hunt, Secretary; and present, also, Messrs. Belknap, Boller, Clarke, 
Kimball, Loomis, Loweth, Ridgway, Roberts, Snow, Talbot, and 
Thompson. 

Preliminary action was taken looking the participation the 
Society the 12th International Congress Navigation, held 
Philadelphia, Pa., 1912, official invitation the United States 
Government. 

Preliminary action was taken regard the appointment 
proposed Special Committee Formulate Principles and Methods for 
the Valuation Railroad Property and Other Public Utilities. 

Action was taken regard members arrears for dues. 

Ballots for membership were canvassed, resulting the election 
Members, Associate Members, Associates, and Juniors, and 
the transfer Juniors the grade Associate Member. 

Four Associate Members and Associate were transferred the 
grade Member. 

Applications were considered, and other routine business transacted. 


Adjourned. 
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ANNOUNCEMENTS 


every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 


FUTURE MEETINGS 


June 7th, 1911.—8.30 M.—This will regular business meet- 
ing. Two papers will presented for follows: “Two 
Earth Dams the United States Reclamation Service,” 
Henny, Am. Soc. E.; and “Steel Centering Used the Con- 
struction the Rocky River Bridge, Cleveiand, Ohio,” Wilbur 

These papers were printed Proceedings for April, 1911. 


September 6th, 1911.—8.30 M.—A regular business meeting 
will held, and paper George Francis and Joseph O’Brien, 
Members, Am. Soc. E., entitled “The New York Tunnel Extension 
the Pennsylvania Railroad: Certain Engineering Structures 
the New York Terminal Area,” will presented for discussion. 

This paper printed this number Proceedings. 


September 1911.—8.30 M.—A paper entitled “Mule-Back 
Reconnaissances,” William Millard, Jun. Am. E., will 
presented for discussion this meeting. 


This paper printed this number Proceedings. 


October 18th, 1911.—8.30 M.—At this meeting paper 
George Gibbs, Am. E., entitled “The New York Tunnel 
Extension the Pennsylvania Railroad: Station Construction, Road, 
Track, Yard Equipment, Traction, and Locomotives,” will 
presented for discussion. 


This paper printed this number Proceedings. 


ANNUAL CONVENTION 


The Forty-third Annual Convention the Society will held 
Chattanooga, Tenn., June 13th 16th, 1911, 


giving full information reference the Convention 
was issued May 12th, 1911. 


SEARCHES THE LIBRARY 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many 


searches have been made, and bibliographies and other information 
special subjects furnished. 
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The resulting satisfaction, the members, who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt that, were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling compared with the value the time 
engineer who looks such matters himself, and the work can 
performed quite well, and much more quickly, persons familiar 
with the Library. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work, the Appendices* the Annual Reports 
the Board Direction for the years ending December 31st, 1906, 


and December 31st, 1910, contain summaries all searches made 
date. 


PAPERS AND DISCUSSIONS 


Members and others who take part the oral discussions the 
papers presented are urged revise their remarks promptly. Written 
communications from those who cannot attend the meetings should 
sent the earliest possible date after the issue paper 
Proceedings. The issue volumes Transactions dependent 
the closing discussions, and the co-operation the membership 
this matter essential the regular issue each quarterly volume. 

All papers accepted the Publication Committee are classified 
the Committee with respect their availability for discussion 
meetings. 

Papers which, from their general nature, appear charac- 
ter suitable for oral discussion, will published heretofore 
Proceedings, and set down for presentation future meeting the 
Society, and, these, oral discussions, well written communica- 
tions, will solicited. 

All papers which not come under this heading, that say, 
those which, from their mathematical technical nature, the 
opinion the Committee, are not adapted oral discussion, will not 
scheduled for presentation any meeting. Such papers will 
published Proceedings the same manner those which are 
presented meetings, but written discussions, only, will re- 


quested for subsequent publication Proceedings and with the paper 
the volumes Transactions. 
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SUBSCRIPTION PRICE THE PUBLICATIONS THE SOCIETY 


The following subscription rates have been fixed the Board 
Direction for the publications the Society: 

Proceedings, ten Numbers per annum, $8. Price for single 
numbers, $1. 

Transactions, four Volumes per annum, $12. Price for single 
volumes, $4. 

the above prices there discount 50% members who 
desire extra copies any these publications, and 25% Libraries 
and Book-dealers. 

There also additional charge per annum, cover foreign 
postage, cents for Proceedings and for cents 
and cents, respectively, for single numbers. 

special subscription rate has been fixed the Board for the 
Proceedings the Society for the benefit Students Technical 
Schools. This rate $4.50 per annum, and available any bona 
fide student any technical school. 


LOCAL ASSOCIATIONS MEMBERS THE AMERICAN 
SOCIETY CIVIL ENGINEERS 


San Francisco Association 


The San Francisco Association Members the American Society 
Civil Engineers holds regular bi-monthly meetings, with banquet, 
and weekly informal luncheons. The former are held the 
Palace Hotel, the third Friday February, April, June, August, 
October, and December, the last being the Annual Meeting the 
Association. 

Informal luncheons are held 12.15 every Wednesday, and 
the place meeting may ascertained communicating with the 
Secretary the Association, Thurston, Jr., Am. E., 
713 Institute, Post Street. 

The by-laws the Association provide for the extension hospi- 
tality any member the Society who may temporarily San 
and any such member will gladly welcomed guest 
the Association any the above meetings, will notify the 
Secretary that San Francisco. 


(Abstract Minutes Meeting) 


April 21st, meeting was called order; President 
Derleth the chair; Thurston, Jr., Secretary; and present, 
also, members and guests. 

The Secretary read extract letter from Chas. Warren Hunt, 
Secretary the Society, complimenting the Association its success, 
and attention the fact that the net increase member- 
ship the Society 544, from February 10th, 1910, February 
10th, 1911, 17% was from the States California, Oregon and Wash- 
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ington, and that California has more members than any other State 
except New York and Pennsylvania. The Secretary also announced 
that the membership the Association had reached 135. 

motion, duly seconded, the President was instructed appoint 
committee three confer with the other local engineering 
societies relative the appointment similar committees form 
general conference committee for the purpose securing Inter- 
national Engineering Congress San Francisco 
quently, the President was appointed Chairman the pro- 
posed committee. 

accordance with instructions received the February meet- 
ing, the President announced: that Messrs. Legare, Uhlig, 
Cattell, O’Shaughnessy, and Wallace, had been 
appointed Committee choose site for the Exposi- 
tion; that letters jointly signed the Presidents the four Engineer- 
ing Societies had been addressed the Directors the Exposition; 
that the Association Committee had held two meetings which the 
entire matter had been discussed; and that two meetings had been 
held with the Directors the Exposition. 

paper giving interesting and instructive description the 
constructive and salient details the Dumbarton Bridge the Cen- 
tral California Railway the Southern Pacific Company, was read 
Schneider, Am. E., who illustrated his address 
with stereopticon views. The subject was discussed briefly several 
members. 


Adjourned. 


Colorado Association 


The meetings the Colorado Association Members the 
American Society Civil Engineers are held the second Saturday 
each month, except July and August. The hour and place meet- 
ing are not fixed, but this information will furnished applica- 
tion the Secretary, Gavin Houston, Am. E., 409 
Equitable Building, Denver, Colo. The meetings are usually preceded 
informal dinner. Members the American Society Civil 
Engineers will these meetings. 

Weekly luncheons are held Wednesdays, and until further notice, 
will take place The Colorado Club. 

Visiting members are urged attend the meetings and luncheons. 


(Abstract Minutes Meeting) 


April 8th, meeting was called order M.; 
Vice-President Comstock the chair; Burt, Secretary; and 
present, also, members and guests. 

“Some Notes Sulphur,” was presented Gavin Houston, 
Am. E., after which Allison, Assoc. Am. Soe. E., 
presented brief report the sanitary works the Isthmus 
Panama, and number views the Canal work were displayed. 


Adjourned. 
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PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 


Members the American Society Civil Engineers will wel- 


comed the following Engineering Societies, both the use their 
Reading Rooms and all Meetings: 


American Institute Mining Engineers, West Thirty-ninth Street, 
New York City. 

Architekten-Verein Berlin, Wilhelmstrasse 92, Berlin 66, 
Germany. 

dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 

Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 

Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 

Brooklyn Engineers’ Club, 117 Remsen Street, Brooklyn, 

Canadian Society Civil Engineers, 413 Dorchester Street, West, 
Montreal, Que., Canada. 

Civil Engineers’ Society St. Paul, St. Paul, Minn. 

Cleveland Engineering Society, Chambér Commerce Building, 
Cleveland, Ohio. 

Cleveland Institute Engineers, Middlesbrough, England. 

Dansk Amaliegade 38, Copenhagen, Denmark. 

Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 

Engineers’ Club Baltimore, Baltimore, Md. 

Engineers’ Club Minneapolis, South Sixth Street, Minneapolis, 
Minn. 

Engineers’ Club Philadelphia, 1317 Spruce Street, Philadelphia, Pa. 

Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 

Engineers’ Club Toronto, King Street, West, Toronto, Ont., 
Canada. 

Engineers’ Society Northeastern Pennsylvania, 302 Board 
Trade Building, Scranton, Pa. 

Engineers’ Society Pennsylvania, 219 Market Street, Harrisburg, 
Pa. 

Engineers’ Society Western Pennsylvania, 2511 Oliver Building, 
Pittsburg, Pa. 

Institute Marine Engineers, Romford Road, Stratford, Lon- 
don, E., England. 

Engineers the River Plate, Buenos Aires, Ar- 
gentine Republic. 
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C., England. 

Junior Institution Engineers, Victoria Street, Westminster, 
W., London, England. 

Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 


Louisiana Engineering Society, 321 Hibernia Bank Building, New 
Orleans, La. 


Memphis Engineering Society, Memphis, Tenn. 


Midland Institute Mining, Civil and Mechanical Engineers, 
Sheffield, England. 


Montana Society Engineers, Butte, Montana. 

North England Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 

Oesterreichischer Ingenieur- und Architekten-Verein, Eschen- 
bachgasse Vienna, Austria. 

Pacific Northwest Society Engineers, 803 Central Building, Seat- 
tle, Wash. 

Rochester Engineering Society, Rochester, 

Sachsischer Ingenieur- und Architekten-Verein, Dresden, Germany. 

Sociedad Colombiana Ingenieros, Bogota, Colombia. 

Sociedad Ingenieros del Peru, Lima, Peru. 

Societe des Ingenieurs Civils France, Rue Blanche, Paris, 
France. 

Society Engineers, Victoria Street, Westminster, 
London, England. 

Svenska Teknologforeningen, Brunkebergstorg 18, Stockholm, 
Sweden. 

Tekniske Forening, Vestre Boulevard Copenhagen, Denmark. 

Western Society Engineers, 1737 Monadnock Block, Chicago, 


institution Naval Architects, Adelphi Terrace, London, 
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ACCESSIONS THE LIBRARY 
(From April 9th May 6th, 1911) 


DONATIONS 
THE AMERICAN YEAR BOOK. 


North, Under Direction Supervisory Board Representing National 
Learned Societies. Cloth, in., 867 pp. New York and 
London, Appleton and Company, 


This publication, the preface states, the first volume what expected 
annual series, and intended the work body experts, each re- 
viewing the field with which most familiar. said ‘‘a record 
events and and such intended serve handy book reference 
for students, writers, and searchers. The material is subdivided into departments 
grouping the text into affiliated subjects. Cross-references are also freely used 
and full and carefully analyzed index provided. While the Year Book aims 
record the progress other countries, stated devoted chiefly 
American progress. The Contents are: Comparative Statistics; History and Law: 
Government and Administration; Functions of Government; Economic and Social 


Industries and Occupations; Science and Engineering; The Humanities 
Current Record; Index. 


NOTES PLATE-GIRDER DESIGN. 


illus., pp. New York, John Wiley Sons; London, Chapman 
Hall, Limited, 1911. $1.50. 


This book said contain the theoretical and practical information neces- 
sary to enable engineers and students in civil engineering to make a design and 
general detailed drawing for a through plate-girder railway bridge. The theory 
the plate-girder has been developed, the author states, that may ap- 
plied to such structures for any duty. The Chapter headings are: Stress Distri- 
bution and General; Required Area Cross-Section for the Flanges; The Design 
of the Cross-Section of the Flanges; Lengths of Cover Plates; Rivet Spacing in 
Girder Flanges; Web Plates; Area Web Plates; Stiffeners for Web Plates; 
Splices for Web Plates; Splices for the Component Parts the Flanges; Connect- 
ing One Girder Another; End Bearings; Positions Loading for Maximum 
Shear and Moment; Preparation Table Bending Moments, Shears, and Con- 
centrated Loads for Cooper’s Loading; Table Moments, Shears, and Concen- 
trated Loads for Cooper’s 


THE EARNING POWER RAILROADS, 


Compiled and Edited Floyd Mundy. Cloth, 
492 pp. New York and Chicago, Jas. Oliphant Co., 1911. $2.50. 


The preface states volume contains important statistics and other 
facts relating the earning powers and securities 150 railroads (including 
practically all those the United States, Canada, and Mexico), arranged con- 
venient form for ready reference. The Introductory Chapters are said to relate to 
the fundamental principles applied investigating the value the stocks 
bonds any railroad. Statistics regarding earnings, mileage, capitalization, 
tonnage, etc., are presented Tables which are arranged permit easy com- 
parison. These Tables are followed Notes containing information relating 
dividends, railroad capitalization, investments, physical and financial conditions, 
etc., railroads which may interest the investor. The official Annual 
Railroad Reports are stated have been used almost exclusively the preparation 
of this book. The Contents are: Income Account; Operating Expenses; Maintenance 
Expenses; Maintenance Way; Maintenance Equipment; Traffic, Transporta- 
tion and General Expenses; The Operating Ratio; Fixed Charges; Stock Outstand- 
ing its Relation Earning Power; Guarantees and Their Relation Surplus 
Available for Dividends; Tables; Notes. 


EFFICIENCY BASIS FOR OPERATION AND WAGES. 
Harrington Emerson. Cloth, in., 224 pp. New York, 
The Engineering Magazine, 1911. $2.00. 


This development works management, the process directing the great 
forces manufacturing the best advantage economy, stated com- 


Unless otherwise specified, this list have been donated the publishers. 
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plete statement the elements organization, management, and operation under 
the Efficiency Individual Effort system, the methods advocated being practised 
some the largest manufacturing and operating institutions the United 
States. These essays appeared originally series articles The Engineering 
Magazine, from July, 1908, March, 1909, and are said have been thoroughly 
revised, rewritten great extent, and much enlarged before publication their 
present form. The Contents are: Typical Inefficiencies and Their Significance 
National Efficiencies: Their Tendencies and Influence; The Strength and Weakness 
Existing Systems Organization; Line and Staff Organization Industrial 
Concerns; Standards: Their Relations Organization and Results; The Real- 
ization Standards Practice; The Modern Theory Cost Accounting; The 
Location and Elimination Wastes; The Efficiency System Operation; Standard 


Times and Bonus; What the Efficiency System May Accomplish; The Gospel 
Efficiency. 


RURAL HYGIENE. 


434 pp. New York, The Macmillan Company, 1911. $1.50. 


These pages are stated deal with systematic treatment the question 
individual living, together with those questions having with the cause 
and spread disease, the transmission bacteria from one community an- 
other, etc. The structural side public hygiene rather than the medical side 
discussed, those chapters dealing with contagious diseases emphasizing the sub- 
jects quarantine, disinfection and prevention rather than etiology and treatment. 
Descriptions the various engineering methods are limited suggestions 
proper selections methods and right choice between processes, the details con- 
struction being omitted. The Chapter headings are: Vital Statistics Rural 
Life; Location House—Soil and Surroundings; Construction Houses and 
Barns with Reference Healthfulness; Ventilation; Quantity Water Required 
for Domestic Use; Sources Quality Water; Water-Works Con- 
struction; Plumbing; Sewage Disposal; Preparation and Care Milk and Meat; 
Foods and Beverages; Personal Hygiene; Theories Disease; Disinfection; 
Tuberculosis and Pneumonia; Typhoid Fever; Children’s Diseases; Parasitical 
Diseases Diseases Controlled Antitoxins; Hygiene and Law; Index. 


Gifts have also been received from the following: 


Alabama-Board Health. pam. Illinois-Secy. State. 
Am. Telephone Telegraph Co. Institution Civ. Engrs. 
Arizona, Univ. of-Agri. Exper. Station. Institution Min. Engrs. 


vol. 
bound vol. 
vol., pam. 


pam. Institution Municipal and County 
L’Assoc. Amicale des Anciens Eléves Engrs. vol. 
L’Ecole Centrale. vol. Jersey City, J.-Board Street and 


Babb, Cyrus bound vol. Water Commrs. pam. 

Brockton, Mass.-Water Commrs. John Crerar Library. pam. 

California-Board Harbor Commrs. Kentucky-State Board Health. 
pam. bound vol. 

California-Secy. State. pam. Larrison, George bound vol. 

California-State Board Equalization. Lehigh Univ. vol. 


bound vol. Madison, Wis.-Board Water Commrs. 
California-State Board Forestry. pam. 

pam. Madras, India-Public Works Dept. 
California-State Engr. pam. vol. 
Canadian Soc. Civ. Engrs. vol. Massachusetts-Highway Comm. pam. 


Civ. Engrs.’ Soc. St. Paul. pam. Mead, Charles bound vol. 

Cleveland, Cincinnati, Chicago, St. Medford, Mass.-Water and Sewer Commrs. 
Louis Ry. Co. pam. pam. 

Colorado-State Engr. vol. Mexican Ry., Ltd. pam. 

Copper Range Consolidated Co. pam. Middletown, Conn.-Board Water 

Delaware Hudson Co. pam. Commrs. pam. 

Fairmount Park Art Assoc. pam. Minnesota-Forestry Commr. vol. 

Florida-R. Comm. vol. Mississippi-Geol. Survey. pam. 

Gen. Contrs. Assoc. bound vol. Missouri, Univ. of. vol. 

Goodrich, vol. National Irrig. Congress. vol. 

Great Britain-Patent Office. vol. New Jersey-State Board Assessors. 


Hannover Kgl. Technische Hochschule. bound vol., pam. 


Hawaii-Board Health. pam. 

Hawaii-Commr. Agri. and Forestry. 
vol. 

Hawaii-Dept. of Public Works. 1 vol. 

Hinckley, Howard pam. 

Hittell, John B. 1 bound vol. 

Holyoke, Mass.-Board Water Commrs. 
pam. 


New South Wales-Met. Board Water 
Supply and Sewerage. vol. 
New York City-Pres. Borough the 
Bronx. 1 pam. 

New York State-Public Service Comm., 
First District. 4 pam. 

New York Central Hudson River 
Co. 1 pam 


Newburgh, Y.-Water Commrs. pam. 
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North Univ. of. vol. 
Ohio-Geol. Survey. bound vol. bound vol. 

Ohio-State Library. pam. Soc. Engrs. bound vol. 
Oklahoma-Chf. Insp. Mines. bound South Carolina-Dept. Agri., Commerce 


vol. and Industries. pam. 
Oklahoma-State Commr. Health. South Dakota-Auditor. bound vol. 


vol., pam. Southend, England, Water-works Co. 


Soc. for the Promotion Education. 


Oklahoma, State Univ. of. pam. pam. 

Oregon-State Board Health. pam. 

Interstate Park Commrs. Technologist, The. pam. 


Tennessee-State Geol. Survey. pam. 


bound vol. Engrs. pam. 
Pennsylvania Co. pam. and Geodetic Survey. 
Philadelphia, Pa.-Mayor. vol. bound vol., pam. 
Philippine Islands-Weather Bureau. Commerce Comm. 
vol. vol., pam. 
Punjab, India-Irrig. Works. vol. Survey Office. vol. 
Rensselaer Polytechnic Inst. vol., State. pam. 
pam. the Navy. pam. 
Rhode Factory Insp. 1bound Dept. bound vol. 
vol. Verein Deutscher 
Richmond, Va.-Health Dept. pam. 


pam. 
Rose Polytechnic Inst. vol. Washington-State Highway Board. 
Royal Architectural Inst. Canada. 


pam. 
pam. Washington-State Library. bound vol. 
St. Paul, Minn.-City Comptroller. bound 


Watkins, bound vol. 
vol. Westinghouse, George. pam. 
San Francisco Assoc., Am. Soc. Wilmington, Del.-Board Park Commrs. 
pam. 


Soc. Belge des Ingenieurs des In- 


pam. 
Wisconsin Eng. Soc. vol. 
dustriels. pam. 


Worcester, Mass.-Supt. Sewers. pam. 


PURCHASE 


Report the London Traffic Branch the Board Trade, 1910. 
Published His Majesty’s Stationery Office, London, 1911 


Royal Commission Sewage Disposal: Seventh Report the 
Commissioners Appointed Inquire and Report What Methods 
Treating and Disposing Sewage (Including any Liquid from 
any Factory Manufacturing Process) may Properly Adopted. 
Vol. Published His Majesty’s Stationery Office, London, 1911. 


Proceedings the International Association for Testing Materials. 
Vol. No. Vienna, February, 1911. 


Handbuch der Ingenieurwissenschaften: Vierter Teil. Die Bau- 
maschinen. von Lincke und Franzius. Herausgegeben 


von Band, Dritte, vermehrte Auflage. Wilhelm 
Engelmann, 1910. 


The Aeroplane: Elementary Text-Book the Principles 


Turner. Green and Co., London, New York, Bombay, 
and Caleutta, 1911. 


Sewage Disposal the Tropics. William Wesley Clemesha. 


Thacker, Spink and Co., Caleutta and Simla; Thacker Co., 
London, 1910. 
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Our Home How They Began and How They are Worked. 


Gordon. vol. Frederick Warne Co., London and 
New York. 


London Statistics, 1909-10: Statistics the Administrative 
County London, and the Public Services Carried Therein; 
Together with Certain the Adjacent Districts. Vol. XX. 
Compiled the Statistical Officer the Council under Standing 
Orders the London County Council and Regulations the Local 


Government, Records and Museums Committee. King and 
Son, London. 


Poussee des Terres, Stabilite des Murs Soutenement. Par Jean 
Resal. Encyclopédie des Travaux Publics. Cours L’Ecole des 


Ponts Chaussées. Librairie Polytechnique, Ch. Béranger, Editeur, 
Paris, 1903. 


Civil Engineering the Universal Exposition, Brussels, 1910. 


Permanent International Association Navigation Congresses, 
Brussels. 


SUMMARY ACCESSIONS. 
(From April 9th May 6th, 1911) 


Donations (including duplicates)................ 283 
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MEMBERSHIP 


ADDITIONS 
(From April May 9th, 1911) 
MEMBERS 


ALLEN, CHARLES Prof. Hydr. 


Eng., Worcester Poly. Inst., Worcester, 


CARLE, NATHANIEL ALLEN. 709 Bldg., Seattle, 
Wash 


CARVEN, CHRISTOPHER JAMES. Engr. Maintenance, 
Water Service, Public Works Dept., City Boston, 
Centre St., Dorchester Centre, Mass............ 

FARRINGTON, WILLIAM Rowe. Div. Engr., Mass. Highway 
Comm., Bank Bldg., Middleboro, Mass......... 

718 Chemical Bldg., St. Louis, Assoc. 


Jun. 
Isaac. With John Roebling’s Sons 


Hazen, JOHN Prof. Civ. Eng. and 


Dartmouth Coll., North Main 


Office Engr., Frisco 


Lines, St. Louis San Assoc. 


MACKINTOSH, LACHLAN. City Engr., Mandalay, Burma, 
India 


MEIGS, JoHN. 812 Witherspoon Bldg., Philadelphia, Pa... 
PALMER, SHEPARD Brown. (Chandler Palmer), 161 Main 
WILLIAM The Duluth Eng. Co., 612 
PELZ, Room 210, Metropolitan Tower, New 


RATHMAN, 172 Cleveland Ave., Buffalo, 
ScHILDHAUER, Elec. and Mech. Engr., Culebra, 
SHIPMAN, EUGENE 917 Delaware Ave., South Beth- 


130 Central Ave., Flushing, Y... 
ALLISON JAMES. Asst. Supt., Wyoming Div., 
Co., 2011 House St., Cheyenne, Wyo.... 


Date 
Membership. 
1904 
April 1911 
April 
April 
1911 
May 1907 
1910 
1899 
1911 
1889 
1911 
1895 
April 1911 
Jan. 31, 1911 
April 1911 
April 
1911 
1911 
April 1911 
May 1911 
1911 

April 


Affairs. MEMBERSHIP 


ADDITIONS 


ASSOCIATE MEMBERS 


ABBOTT, CARL Box 259, Valhalla, 
WILLIAM Garrettsville, Ohio.......... 
ANDREW, CLARENCE Box 102, Wellsburg, 
Box 972, Salt Lake City, Utah............... 
Bass, Care, Post McCord, East 23d 
Commr. Public Works, City 
BENEDICT, FARRAND Engr., Thomas 
Crimmins Contr. Co., East 99th St., Jun. 
CHARLES Chf. Engr and Mgr., Patiala 
JULES 290 Broadway, Jun. 
Service Comm., First Dist., 1047 East 
CONNELL, WILLIAM Deputy Commr. Public 
Works, Borough the Bronx, St., near Perry 
SPENCER VAN ZANDT. Asst. Chf. Engr., Los 
Angeles County Highway Comm., 365 East Ave. 52, 
JOHN PERCIVAL. 529 West St., New York 


City Engr., Miami, Okla........ 
ELDRIDGE, MAURICE OWEN. Care, Dept. Agri., 
Forest Service, 1204 First Na- Jun. 


tional Bank Bldg., San Francisco, 
Fox, Asst. Supt., Pennsyl- 

vania Water Co., 701 Wood St., Wilkins- 


GRIFFIN, THOMAS STEPHEN. Little Hocking, Ohio 


GRIFFITH, WILLIAM FRANCIS ROELOFSON. Maple Ave., 
HERSHEY, JOHN LOGAN. 1501 Garfield St., Beatrice, 


Date 
Membership. 

1911 
Nov 1910 
April 1911 
April 1911 
May 1911 
1911 
1911 
June 1907 
1911 
Sept. 1910 
Nov. 1904 
1911 
Sept. 1906 
1911 
April 1911 
April 1911 
April 1911 
1911 
April 1911 
1910 
April 1911 
April 1906 
April 1911 
1903 
1911 
1911 
May 1911 
Jan. 31, 1911 


q 
| 
q 
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ASSOCIATE MEMBERS (Continued) 


WESLEY Engr. Constr., 


Sewer Dept., 5203 Maple Ave., St. Louis, Jun. 


JACKSON, JESSE AARON. 
Jackson, Div. Engr., Pennsylvania State 
Highway Dept., Wellsboro, 
KINGMAN, JOHN JENNINGS. Ist Lieut., Corps Engrs., 
A., Care, Chf. Engrs., Washington, C.... 
LEEDS, CHARLES TILESTON. Ist Lieut., Corps 
VINCENT 539 East Colfax Ave., Denver, 


PETHERAM, Chf. Engr., Hanford Irrig. 
Power Co., Hanford, Benton Co., Wash 
PoLK, City Engr., Chico, Cal 
R., 7th Floor, Grand Central Palace, 
New York City (Res., Ashburton 
PRESTON, GEORGE 1027 Southern Boulevard, New 
JouN Asst. Engr., Ry. Co., Bandy, 
THOMSON, WARREN Brown. Asst. Engr., Bos- 
ton Albany R., The Granite 
ALLAN 1234 Fourth Ave., Oakland, Cal.. 
ADONIRAM Bethlehem Steel Jun. 
Co., 313 West North St., Bethlehem, Pa. Assoc. 
WEEKS, Harry Barge Canal Office, Lyons BIk., 
Asst. Engr., Board Water Supply 
New York City, Cold Spring, 


ASSOCIATES 

Goap, Ernest. Charles Goad, Ltd., 
Wellington St., West, Toronto, Ont., Canada....... 

Ross, WILSON. Street Commr., City Newton, 

VANDERKLOOT, WILLIAM JOHN. Secy. and Treas., South 


Halsted Street Iron Works, 2611 South Halsted St., 
Chicago, 


City Engr.’s Office, Seattle, Wash. 


[Society 
Date 

Sept. 1908 
April 1911 
Feb. 28, 1911 
April 191] 
April 1911 
May 1911 
Jan. 1907 
April 1911 
April 1911 
Feb. 28, 1911 
Nov. 1910 
Sept. 1903 
1911 
April 1911 
Dec 1910 
1907 
April 1911 
April, 1911 
1906 
1910 
April 1911 
May 1911 
April 1911 
Feb. 28, 1911 


! 
a 


JUNIORS Date of | 

Membership. 

BLEISTEIN, BERNARD 240 Jamaica Ave., Astoria, 

Bronson, FRANKLIN. Care, Saville, Culebra, 
Henry. Engr. Structures, Riverside 

Bridge Co., Martins Ferry, Ohio.................. April 1911 
GILKISON, GORDON Mercer. Care, The Telluride Power 


HANNAH, Box 742, Denison, Tex......... 1910 
Hayes, Harry 158 West St., New York City.. Feb. 28, 1911 
LIGHTNER, Cass. 104 Erskine St., Detroit, Mich. Feb. 28, 1911 


BERNARD. 234 Williams St., Providence, 

RIBLET, HARRY GAILLARD. Care, The Bentley Sons 

Co., 7th and Magnolia Ave., Louisville, Ky........ Jan. 31, 1911 
335 Madison Ave., Room 1219, 

CARL WILLIAM, Foster Ave., Mt. Vernon, 

THEODORE JOHN. Care, Standard Bridge Co., Red 

SERRA, JULIUS HERSCHEL. Halsey St., Brooklyn, Y.. 
SHARP, 438 Pacific Ave., Long Beach, Cal...... April 1911 
PENDLETON. 132 Bellevue Ave., Upper 

Colorado, 1146 Marine St., Boulder, April 
Warnock, 601 West 149th New 


CHANGES ADDRESS 
MEMBERS 

BENNETT, SAMUEL City Engr., Oxnard, Cal. 
BLUNT, Swanton, Ohio. 
Brown, Henry. Hydr. Engr., Sierra San Francisco Power Co., 

The Kenilworth, San Francisco, Cal. 
(Burke Venable, Cons. Room 706, Second 

National Bank Bldg., Cincinnati, Ohio. 
Burt, Henry 1618 Monadnock Chicago, 
CANTINE, Ike. General Delivery, Portland, Ore. 
Chf. Engr., Duwamish Ship Canal; Cons. Engr., 

Burke Bldg., Seattle, Wash. 


q 
LUCCHETTI-OTERO, ANTONIO Guayabal, Juana- 


t | 
q 
q 
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q 
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MEMBERS (Continued) 


CLARKE, THOMAS 701 Delaware Ave., South Bethlehem, Pa. 

Jupson. Gen. Supt., Caisson Co., Box 84, Wheeling, 
Va. 

BRYAN Res. Engr. for Kerbaugh, Valhalla (Res., 
Pleasantville), 

DANIEL With Eastern Steel Co., Broadway, New York 
City (Res., 315 Paulison Ave., Passaic, J.). 

Ericson, Ernst. City Engr. Chicago, City Hall, Chicago, 

Chf. Engr., Manufacturers Ry., South Side 
Bank Bldg., St. Louis, Mo. 

FRAZIER, Cons. Engr., Lewisburg, Va. 

Hara NARAYANA PRANATARTI. 1236 West St., Tanjore Ft., Tanjore, 
Madras Presidency, India. 

JAMES General Delivery, Seattle, Wash. 

Hayes, STANLEY Pres., Hayes Track Appliance Co., Richmond, 
Ind. 

HOWELL, FRANKLIN The Co., Civ. and Min. Engrs., Suite 
548, Hellman Bldg., Los Angeles, Cat. 

JANVRIN, NED HERBERT. 201 Liberty St., Newburgh, 

LABELLE, HENRY Cons. Engr., 703 West Silver St., 
Albuquerque, Mex. 

LEE, FRANCIS VALENTINE Care, Royal Colonial Inst., North- 
umberland Ave., London, C., England. 

WILLIAM. Carlyon Rd., East Cleveland, Ohio. 

McKay, Hoop. Pres., Richardson Coal Co., 203 South Dearborn St., 
Chicago, 


Nits Care, Ernest Flagg, 109 Broad New York 


City. 
MEADS, CHARLES. Pres., Charles Meads Co., 165 Broadway, New York 
City. 


Mites, Locating Engr., Ferrocarriles Nacionales Mexico, 
Megapalapa, Puebla, Mexico. 

ALLEN. Cons. Engr., Beacon St., Boston, Mass. 

Moran, Epwarp. Cons. Engr., Liberty St., New York City. 

JOHN CHRISTIAN. Prof. Structural Eng., Stevens Inst. Tech., 
Hoboken, J.; Cons. Engr., Battery 7th Floor, New York 
City. 

PEARL, WALTER. Care, Pioneer Constr. Co., Durango, Colo. 

Peary, Epwin. Rear-Admiral, N., South Harpswell, Me. 

CHARLES City Engr., 530 Linwood Milwaukee, Wis. 

(The Riggs Sherman Co., Cons. Engrs.), 613 Nasby 
Bldg., Toledo, Ohio (Res., 114 Fourteenth Ann Arbor, Mich.). 

WILLIAM State Highway Commr., Olympia, Wash. 

SHERMAN, Epwarp Prin. Asst. Engr., Barrows Breed, Beacon 

St., Boston, Mass. 
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MEMBERS (Continued) 


SHOEMAKER, MARSHALL Ney. Cons. Engr., 722 Union Bldg., Newark, 

Spear, WALTER Evans. Dept. Engr., Board Water Supply the City 
New York, 250 West 54th St., New York City. 

STEVENS, JOHN FRANK. Care, Union League Club, Chicago, 

Stone, Henry Morton. Div. Engr., C., Ry. Co., Little Rock, Ark. 

STRICKLER, GRATZ Brown. Pres., Southern Sand Gravel Co., Fred- 
ericksburg, Va. 

WILLIAM Deputy Chf. Engr., Passaic Val. Sewerage Commrs., 
Clinton St., Newark, 

VSEVOLOD Director, Statistical Dept., Ministry 
Ways Communications; Prof., Inst. Ways Communications 
Member the Technical Counsels, Ministry Commerce and Industry, 
Ministry Ways Communications; President Hydrological 
Committee, Ministry Agriculture, Perspective Zagorodny, St. 
Petersburg, Russia. 

CLEVE, AARON HOWELL. 220 West 57th St., New York City. 

VAN MAITLAND. Civ. Engr., New York Edison Co., 
Duane St., New York City (Res., 1065 Sterling Brooklyn, Y.). 

VENABLE, Mayo. (Burke Venable, Cons. Engrs.), Room 706, 
Second National Bank Bldg., Cincinnati, Ohio. 

VREDENBURGH, WATSON, JR. Cons. and Inspecting Engr. (Hildreth Co.), 
Battery New York City. 

CARLTON CARPENTER. Engr., Kansas Public Utilities Comm., Topeka, 
Kans. 

YATES, Preston Stoneco, Dutchess Co., 


ASSOCIATE MEMBERS 


ALEXANDER, ROBERT LEE. Kennewick, Wash. 

ANDERSON, WILLIAM TOWNSEND. 103 Waverly New York City. 

Henry. Asst. Engr., Div. Water Supply and Sewers, Office 
City Engr., Manila, Philippine Islands. 

BASSELL, MANNERING. Box 143, Massena, 

BRINSMADE, Epwarps. Secy. and Asst. Treas., The Water 
Power Co., Box 95, Derby, Conn. 

STEPHEN 1012 Washington St., Bath, Me. 

10911 Grove St., Morgan Park, 

270 Midland Ave., Upper Montclair, 

CHASE, FRANK Western Elec. Co., 229 South Scoville Ave., 
Oak Park, 

Asst. Engr., Co., Weed, Cal. 

Cowan, Epwin. Webster St., Suite Brookline, Mass. 
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F 
| | 
} 
| 
j 
j 


+ 


282 MEMBERSHIP—CHANGES ADDRESS [Society 


ASSOCIATE MEMBERS (Continued) 


WARREN, Civ. and Hydr. Engr., Weston, Mass. 
Myron. Care, Am. Bridge Co., Frick Bldg., Pittsburg, 
Pa. 
Contr. Mgr., The Eastern Steel Co., Broad- 
way, New York City. 
Dunn, Asst. Engr., Yazoo Mississippi Val. R., Vicks- 
burg, Miss. 
ANDREWS. Care, Bldg. Bureau, 500 Park Ave., New York City. 
FRANKLIN Contr. Engr., Box 506, St. Petersburg, Fla. 
CHRISTOPHER Chf. Engr., Huston Contr. Co., 
Habana 88, Havana, Cuba. 
CHARLES. Engr. Design, Office Pres., Borough the 
Bronx, 177th St. and Ave. (Res., West 85th St.), New York 
City. 
GERSBACH, CHARLES. Montezuma, Iowa. 
GREEN, Evans. Cons. and San. Engr., North Salle St., Chi- 
Epwarp. Bldg. Constr. Engr., Board Education, 
1229 Addison Ave., Chicago, 
Chf. Engr., Pike Cook, 416 Fifth St., South, Minne- 
apolis, Minn. 
Hays, Don. 701 St., North Yakima, Wash. 
HELLER, JOHN WALTER. Eng. Contr., Firemen’s Bldg., Newark, 
JOSEPH CHURCHILL. Secy., Mason, Hilton Co., Contrs., Battery 
New York City. 
2340 Franklin St., Denver, Colo. 
Huston, Gen. Contr., Habana 88, Havana, 
Cuba. 
CHARLES. Cons. Engr., Gardner Bldg., Utica, 
439 North Catherine Ave., Grange, 
Designing Engr. and Draftsman, Florida East Coast 
Ry., Box 1228, Jacksonville, Fla. 
LINARD, 116 Masonic Temple, Mobile, Ala. 
Asst. Engr., Dept. Water Supply, Gas and Electricity, 
Room 41, Municipal Bldg. (Res., 550 Seventh St.), Brooklyn, 
TRAVILLA. Asst. Engr., Highways, Borough Bronx, 
311 West 95th St., New York City. 
1514 East 54th St., Chicago, 
McGrecor, Roy. Asst. Engr., Co., 645 Sierra St., Reno, Nev. 
Marr, North High St., Columbus, Ohio. 
102 Carmel St., New Haven, Conn. 
NELSON, Frep 966 Anderson Ave., Highbridge, New York City. 
Hydr. Engr., 106 Novinski Boulevard, Moscow, Russia. 
Box 62, East Woodstock, Conn. 
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ASSOCIATE MEMBERS (Continued) 


Structural Engr., Y., Westchester Boston 
Ry. Co., Grand Central Terminal, New York City. 

WILLIAM WILLIAMS, JR. 139 East 45th St., New York City. 

Epwarp WILLIAM. Vice-Pres., Ruggles-Robinson Co., 331 Madison 
Ave., New York City. 

SAUNDERS, WALTER BOWEN. 
ville, Cal. 

SHIPMAN, CHARLEY EvAns. Mont. 


SINNICKSON, GEORGE ROSENGARTEN. Penna. Office, Williamsport, Pa. 


SouTHER, THEODORE WHEELER. Claflin Rd., Brookline, Mass. 


ANTHONY Res. Engr., Barge Canal Office, Waterloo, 
STENGEL, CARL 2674 Jerome Ave., Fordham, 


Ernest. Gen. The St. Joseph Grand Island Ry. Co., St. 
Joseph, Mo. 


STEWART, JOHN WELLINGTON. Roswell, Mex. 


TALBOT, EARLE. Res. Engr., Impvt. Erie Canal, 196 Genesee St., Utica, 

Lafayette Boulevard, Detroit, Mich. 

JAMES EATON. 612 East 26th St., Paterson, 

TRATMAN, ERNEST RUSSELL. 1138 Monadnock Blk., Chicago, 

Trotr, Supt. Constr. with Superv. Archt., U.S. Treasury, 
Missoula, Mont. 

Office, Bldg., New London, Conn. 

WALKER, MANSFIELD. 190 Owen Ave., Detroit, Mich. 

WARREN, ANSON. Contr. Mgr., Am. Bridge Co. New York, 600 
Continental Trust Bldg., Baltimore, Md. 

Rocer Jr. Care, The Susquehanna Ry., Light Power 
Co., Wall St., New York City. 

CHRISTOPHER STANTON. Care, A., Hazleton, Pa. 


Care, Western States Gas Elec. Co., Placer- 


ASSOCIATES 
JAMES VANCE. Little Falls, Va. 


WALTER TOWNSEND. 1123 Broadway, Room 1206 (Res., 448 West 
22d St.), New York City. 


JUNIORS 
Backus, Murray JAMES. 
BARNES, HARRY EVERETT. 
Newburgh, 
BATTIE, HERBERT SCANDLIN. 
BENNET, ORVILLE GREEN, JR. 


Guanica Centrale, Ensenada, Porto Rico. 
Asst. Engr., Board Water Supply, Box 69, 


Main St., Elmhurst, 
Care, General Motors Co., Detroit, Mich. 


Biaes, Designer for William Fargo, 219 West Franklin 
St., Jackson, Mich. 
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JUNIORS (Continued) 


CHARLES. Care, Enrique Ruiz Williams, Luz Caballero 16, 
Apartado 149, Sagua Grande, Cuba. 

WILLIAM CLINTON. Care, Humphrey Gas Pump Co., 
Bldg., Syracuse, 

Care, The Union Sulphur Co., Sulphur, La. 

CAHILL, Care, Cahill, Cosmos Club, Sutter and 
Octavia Sts., San Cal. 

CARPENTER, JAMES WILHELM. 2074 East 83d St., Cleveland, Ohio. 

Asst. Engr., The United Fruit Co., Bocas del 
Toro, Panama. 

269 Lexington Ave., New York City. 

Hate, Asst. Engr., Board Water Supply, 250 West 
54th St., New York City. 

Care, Reclamation Service, Powell, Wyo. 

Henry, 1021 Schofield Bldg., Cleveland, Ohio. 

Care, Bates Rogers, Camp Celilo, Ore. 

WILLIAM. Draftsman, Bridge Dept., Ry., 2538 
High St., Denver, Colo. 

Harry Crocker. West 107th St., New York City. 

JORDAN, Myron KENDALL. With Crocker, Cons. Engr., 438 Century 
Bldg., Denver, Colo. 

KITTREDGE, FRANK ALVAH. Engr., State Road, 4130 Eleventh Ave., E., 
Seattle, Wash. 

FRANCIS SHIPPEN. 154 West State St., Trenton, 

Mack, Field Draftsman, Davenport-Muscatine Ry., Care, 
Weedin, Davenport, Iowa. 

MARTINEZ, ROLANDO ARNOLDO. Carcel Bajos, Havana, Cuba. 

MEHREN, The Emerson Co., Church St., New York 
City. 

MERRIMAN, RICHARD MANSFIELD. Central Valley, Orange Co., 

MUCHEMORE, LANGDON. Care, Graff, 603 Crary Bldg., Seattle, 
Wash. 

REYNOLDS, ALBERT. 134 Collingwood Ave., Detroit, Mich. 

Scott, WALTER VANDERBELT. With Lackawanna Bridge Co. (Res., 284 
Delaware Ave.), Buffalo, 

STANTON, BREWSTER, JR. 284 Sigourney St., Hartford, Conn. 

TEAL, JONATHAN ERNEST. Roadmaster, Mo. Pac. Ry., Huttig, Ark. 

FREDERICK SAMPSON. Middleboro, Mass. 

THOMAS Office Chf. Engr., The Piedmont Traction 
Co., Charlotte, 


RESIGNATIONS 
MEMBERS Date 
Resignation. 
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DEATHS 


Elected Junior, April 3d, 1889; Associate Member, 


February 3d, 1892; Member, November 2d, 1898; died April 8th, 
1911. 


HARVEY CHILDS. 
26th, 1911. 
MANTER, RALPH BARTON. 

February 2d, 1911. 


WILLIAM 


Elected Member, March 2d, 1892; died March 


Elected Associate Member, June Ist, 1904; died 


Total Membership the Society, May oth, 1911, 
000. 
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CURRENT ENGINEERING 


[Society 


LITERATURE 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST 


(April 8th May 1911) 


list published for the purpose placing before the 
members the Society, the titles current engineering articles, 
which can referred any available engineering library, can 
procured addressing the publication directly, the address and price 
being given wherever possible. 


LIST PUBLICATIONS 


the subjoined list articles, references are given the number 
prefixed each journal this list: 


(1) 


Journal, Assoc. Eng. Soc., 
Milk St., Boston, Mass., 30c. 
Proceedings, Engrs. Club of Phila., 
1317 Spruce St., Philadelphia, 

Pa. 

Journal, Franklin Inst., Philadel- 
phia, Pa., 50c. 

Journal, Western Soc. 
Monadnock Chicago, 
Transactions, Can. Soc. 

Montreal, Que., Canada. 

School Mines Quarterly, Co- 
lumbia Univ., New York City, 
50c. 

Stevens Institute Indicator, Stevens 
Inst., Hoboken, N. J., 50c. 

Engineering Magazine, New York 
City, 25c. 

Cassier’s Magazine, New York City, 

Engineering (London), 
Wiley, New York City, 25c. 


The Engineer 
national News Co., New York 
City, 35c. 

Engineering News, New York City, 


15c. 

The Engineering Record, New York 
City, 12c. 

Railway Age Gazette, New York 
City, 15c. 

Engineering and Mining Journal, 
New York City, 15c. 

Electric Railway Journal, New 
York City, 10c. 

Railway and Engineering Review, 
Chicago, 10c. 

Scientific American 
New York City, 10c. 

Iron Age, New York City, 10c. 

Railway Engineer, London, Eng- 
land, 25c. 

Iron and Coal Trades Review, Lon- 
don, England, 25c. 

Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

American Gas Light Journal, New 
York City, 10c. 

Engineer, New York 
City, 20c. 

Electrical Review, London, Eng- 
land. 

World, New York City, 
Oc. 


Supplement, 


(28) 
(29) 
(30) 
(31) 
(32) 
(33) 
(34) 
(35) 
(37) 
(38) 
(41) 
(42) 
(43) 
(44) 


(45) 
(46) 
(47) 
(48) 
(49) 
(50) 
(52) 
(53) 


(54) 


Journal, New England Water- 
Works Assoc., Boston, Mass., $1. 
Journal, Royal Society Arts, 

London, England, 15c. 

Annales des Travaux Publics 
Belgique, Brussels, Belgium. 
Annales des Ing. Sortis 
des Ecoles Spéciales Gand, 

Brussels, Belgium. 

Mémoires Compte Rendu des 
Travauz, Soc. Ing. Civ. 
France, Paris, France. 

Génie Civil, Paris, France. 

Portefeuille Economiques des Ma- 
chines, Paris, France. 

Nouvelles Annales Construc- 
tion, Paris, France. 

Revue Mécanique, Paris, France. 

Revue Générale des Chemins 
Fer des Tramways, Paris, 
France. 

Machinery, Chicago, 

Cc. 

Proceedings, Am. Inst. Elec. 
Enegrs., New York City, 50c. 
Annales des Ponts Chaussées, 

Paris, France. 

Journal, Military Service Institu- 
tion, Governors Island, New York 
Harbor, 50c. 


Mines and Minerals, Scranton, Pa., 
20c. 

Scientific American, New York 
City, 8c. 


Mechanical Engineer, Manchester, 
England. 

Zeitschrift, Verein Deutscher In- 
genieure, Berlin, Germany. 


Zeitschrift fiir Bauwesen, Berlin, 
Germany. 

Stahl und Eisen, Diisseldorf, Ger- 
many. 

Déutsche Bauzeitung, Berlin, Ger- 
many. 

Rigasche Industrie-Zeitung, Riga, 
Russia. 


Zeitschrift, 

genieur und Architekten Verein, 
Vienna, Austria. 

Transactions, Am. Soc. E., New 
York City, $4. 


(55) Transactions, Am. Soc. E., New 


York City, $10. 


(56) Transactions, Am. Inst. Min. 


Engrs., New York City, $5. 


\ 
(3) 
(4) 
(5) 
(6) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 
(22) 
(23) 
(24) 
(25) 
(26) 
| 


(57) 
(58) 


(59) 


(60) 
(61) 


(62) 
(63) 
(64) 
(65) 
(66) 
(67) 


(68) 
(70) 


(71) 


Carnegie 


(73) 
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Marine— (Continued). 


Large Power Fitting-Out Cranes.* Robert Boyle. (Paper read before the Inst. 
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Steering Gear Experiments the Turbine Yacht Albion.* Hele-Shaw and 

Leigh Martineau. (12) Apr. 21. 


Acceptance Test Babcock Wilcox Marine Boiler for Navy: Good 
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born, Am. Soc. (13) May 
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Mechanical. 
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Gear Design and Construction.* Ralph Flanders. 
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Universal Portland Cement Mills. (67) Apr. 
The Chemistry Raw Sugar Production. Charles Browne. (6) Apr. 
Sugar Refining. Horne. (6) Apr. 


Solution Freight-Handling Problems.* McL. Harding. (9) 


Petrol Air Gas.* Scott-Snell. (Paper read before the Soc. Engrs.) (21) 
Apr.; (66) Apr. 18. 
New High-Speed Boiler. Hodson. (94) Apr. 


Surface Combustion and its Industrial Applications. Bone. (66) Apr. 

Wheels, Ancient and Modern, and Their Manufacture.* Henry Heathcote. (29) 
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The Application Geared Steam Turbine Rolling Mill Driving.* Quintin 
Carnegie. (Paper read before the West Scotland Iron and Steel Inst.) 
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The Mechanical Design Induction Motors.* Smith, Inst. 
(Paper read before the Rugby Eng. Soc.) (47) Serial beginning Apr. 

Some Automatic Recording and Indicating Instruments.* (47) Apr. 

Gas Producers.* Tookey. (Abstract paper read before the Assoc. 
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The Making and Casting Aluminum-Bronze. (From The Brass-World.) (47) 
Apr. 

Continuous Cast-Iron Pipe Foundry.* (14) Apr. 

Pneumatic Tube Postal Systems Italy. James Young. (62) Apr. 10. 

Calculating the Flow Gas Pipes.* (66) Apr. 11. 

Engine Waste Heat Turbine.* Edwin Dreyfus. (64) Apr. 11. 

Friction Clutches and Their Use.* Jahnke. (64) Apr. 11. 

Machine for Applying the Finishing Coat Concrete Curb and Gutter.* 
Apr. 12. 

Blast Apparatus for Depositing Concrete and Mortar Mixtures.* 
Apr. 12. 

Dust-Collecting Appliances Cotton-Mills.* (11) Apr. 14. 

The Hauriot Monoplane, The Construction Remarkable French Flying Ma- 
chine.* (19) Apr. 15. 

Smoke Abatement Supervision Plant Construction. (14) Apr. 15. 

Power Plant for Clay Working Industries. Ellis Lovejoy. (76) Apr. 15. 

The Operation the Ammonia Still. Blossey. (Paper read before the 
Ill. Gas Assoc.) (83) Apr. 15. 

Syracuse Generating Station. Ralph Hecker. (Paper read before the Syracuse 
Section A.) (83) Apr. 15. 

The Utility the Pyrometer Carburetted Water Gas Machines.* Chester 
Heath. (Paper read before the Gas Assoc.) (83) Apr. 15. 

Modern Types Elevators. Town. (Abstract paper read before Pitts- 
burgh Mfrs. and Contrs. Club.) (62) Apr. 17. 

The Steam Turbine Germany.* Junge and Heinrich. (64) Apr. 18. 

Profitable Refinements Contractors’ Compressed-Air Plants.* Frank Richards, 
Am. Soc. (13) Apr. 20. 

Reducing Motions for Steam Engine Indicators.* James Seager, Assoc. Inst. 
(13) Apr. 20. 

The Algoma Steel Company’s Coke Plant.* Griffith. (20) Apr. 20. 

The Desiccation Blast Furnace Air the Use Exhaust Steam.* (22) 
Apr. 21. 
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(Continued). 


Power Plant the New York Central Lines West Albany, (18) Apr. 22. 
Boston Consolidated Mill.* Claude Rice. (16) Serial beginning Apr. 22. 


The Laval Multi-Stage Geared Turbine: New Reduction Gear Solve the 
Direct-Drive Problem.* (62) Apr. 24. 


The Arrangement Tar-Towers.* Gill. (66) Apr. 

Notes on Stopped Ascension Pipes.* C. D. Cawthra. (Paper read before the 
Yorkshire Junior Gas Assoc.) (66) Apr. 25. 

Mechanical Handling Materials. Richard Devens. 
Congress Technology.) (20) Apr. 27. 

Grinding and Screening Clays. (105) May. 

Modern Holmen Coaling Stations.* Clyde Ross. (45) May. 

Gasoline From Natural Gas: New Industry. Frank Peterson. (62) May 

Regenerative Coke Oven With Constant Direction Flame the Heating Flues.* 
Flaccus. (83) May 

Coal Gas and Water Gas. Bertrand. (Paper read before the Missouri 
Electric, Gas, Street Railway and Water-Works Assoc.) (83) May 

Comparing Steam Turbine Tests.* Christie. (64) May 

Municipal Gas Power Pumping Plant.* Thomas Butterfield. (64) May 

Gas and Oil-Burning Plant Muskogee.* (27) May 

Freight Handling Installations for Rivers Subject Great Variations Level.* 
Scherer. (13) May 


Excessive Rates for Gas and Electric Lighting through the Operation Holding 
Corporation. (13) May 


Advantages Long-Stroke Gasoline Engines for Commercial Vehicles. Edward 
Myers. (Abstract paper read before the Soc. Automobile Engrs.) 

Cast Iron Pipe Molding.* Ardelt. (20) May 

The Davis Cast Steel Car Wheel.* (20) May (15) May 

Boiler Economy and the Application Flue-Gas Analysis. Hibbard. 
(Abstract paper read before the Southwestern Electrical and Gas Assoc.) 


(Paper read before the 


(17) May 

Heat Dust, Utilization Low Grades and Waste Fuels.* Charles Wright. 
(46) May 

Utilisations Nouvelles des Pompes Centrifuges.* Bergeron. 
(37) Mar. 


Enrouleur pour Transmissions par Courroie par Cable, Guillou.* 
Eugéne Grésillon. (34) Apr. 


Moteur Explosion Pétroles Lourds Démarrant Froid Pétrole Lampant, 
Systéme Bellem Bregeras.* (33) Apr. 22. 

Die Isolierung des Schalles und der Erschiitterungen 
Hannach. (52) Mar. 15. 

Elektrische Kohlenladekrane.* Ch. Ph. (102) Serial beginning Mar. 15. 

Der Léffel und Greifbaggerbetrieb.* (80) Apr. 

Das Brikettieren der Eisenerze. Gustav Gréndal. (50) Apr. 

Férderung von Luft Dampfkessel beim Speisen mit Injektoren.* Fritz 
Richter. (48) Serial beginning Apr. 

Rauchgasanalyse und Kohlenverbrauch Zementdrehrohréfen. (80) Apr. 

Berechnung der Kurbelwelle eines Vierzylinder-Automobil-Motors.* Max Ensslin. 
(53) Serial beginning Apr. 14. 

(48) Serial beginning Apr. 15. 

Untersuchungen Arbeitsverluste 
Serial beginning Apr. 20. 

Betriebsergebnisse von Explosionsgasturbinen.* Friedrich 
beginning Apr. 20. 


technischen Betrieben. 


Hansen. (97) Serial 


Metallurgical. 


Some Notes the Lead, Tin, Antimony Alloys.* Campbell and Elder. 

Data Basic Copper Converting. Carr Neel. (16) Apr. 

The Electrical Production Steel the Works the 
Gallais Metz Co., Dommeldingen. (Abstract from 
Zeitschrift.) (73) Apr. 14. 

The Hiorth Electric Steel Furnace.* Richards. (Abstract paper read 
before Am. Electrochemical Soc.) (73) Apr. 21. 

Improving the Quality Cast Iron. Lewis. (Abstract paper read 
before the Glasgow Technical College Scientific Soc.) (47) Apr. 

Blowing Silver-Lead Furnaces.* Harrison. (16) Apr. 22. 

Die-Casting Machines, Study the Various Types Used.* Lake. (20) 
27. 

The Process for Cutting and Welding Metal.* (13) Apr. 27. 

Speisses and Their Beneficiation. Guillemain. (16) Apr. 29. 
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New Resistance Furnace.* Fitz-Gerald. (Paper read before the Am. 
Electrochemical Soc.) (105) May. 

Electric Steel Processes Competitors the Bessemer and the Open Hearth.* 
Greene. (Paper read before the Am. Electrochemical Soc.) (105) 

ay. 

Developments Cyanide Practice.* Percy Barbour. (45) May 

The Baily Electric Furnace.* Baily. (Paper read before the Am. 
Electrochemical Soc.) (20) May 

Electrique des Usines Saint-Jacques (de Charpy. 
(93) Apr. 

Untersuchungen Lagermetalle.* Heyn und Bauer. (50) Serial begin- 
ning Mar. 30. 

Neue amerikanische Hochofenanlage.* Oscar Simmersbach. (50) Apr. 20. 


Military. 


Krupp Balloon Artillery. Mann. (13) Apr. 13. 

French Army Signaling. (44) May. 

What Measures Should Adopted for Effective Prevention Unsanitary Condi- 
tions the Early Stages Volunteers’ Camps Time War. Edward 
Vedder and Percy Ashburn. (44) May. 

Construction des Torpilles ‘‘Schneider’’ Batterie des Maures, dans 
Rade d’Hyéres.* Vergnier. (33) Apr. 


Mining. 


The Gold-Mine, Japan.* Riyosaku Godai, Assoc. Inst. (63) 
Jol. 

Electric Winders the Powell Duffryn Company’s New Pit.* (22) Mar. 31. 

Labor and Mining Costs the South African Mines. Robert Peele. (6) 
pr. 

Some Notes Mining Cuba.* Benjamin Lawrence. (6) Apr. 

The Electricity Mining Industries.* Rollin Hutchinson, Jr. 
(9) Apr. 

Petroleum and its Sources.* David Day. (8) Apr. 

Electric Winding Engines France.* (22) Apr. 

Notes Hydraulic Sluicing.* Loggin. (16) Apr. 

Oro Steel Spud.* (103) Apr. 

The Homestake Cyanide Plants.* Clarence Semple. (16) Apr. 

Some Principles Governing the Blasting Rocks.* Brinsmade. (Abstract 
from the Mining World.) (86) Apr. 12. 

New Screening Plant Lostock Lane Colliery.* (22) Apr. 14. 

Milling the Florence-Goldfield. Claude Rice. (16) Apr. 15. 

Brejcha Method Diamond Drilling.* Victor Sangoy. (Trans. from the Bulletin 
Société Minerale.) (16) Apr. 15. 

The Iron Ranges Minnesota.* Edgar Soper. (16) Apr. 15. 

Re-Soiling Dredged Areas Goodenough. (Abstract from 
Australian Min. Standard.) (103) Apr. 15. 

The Paracole District.* (103) Apr. 15. 

Sampling Ores from Cobalt Mines. Pugsley. (16) Apr. 15. 

Magnetized Drill Rods the Cause Borehole Deflections. Curtis. 
from Journal the South African Institute Engineers. 
Apr. 

Methods Determining the Slope and Direction Deep Drill Holes.* (86) 
Apr. 

Cost Removing the Overburden Clay Pit Hydraulic Sluicing. Paul 
Beer. (Abstract paper read before the National Brick Manufacturers’ 
Assoc.) (86) Apr. 19. 

Turbine Pumps for Collieries.* Willis. (Paper read before the Assoc. 
Min. Elec. Engrs.) (22) Apr. 21. 

Silesian Rescue Gulladisen. (Paper read before North 
England Inst. Min. and Mech. Engrs.) (57) Apr. 21. 

Coal-Winning with Hammer Drills the Mont Cenis Colliery.* (57) Apr. 21. 

Microscopic Examinations Coal Sections and their Use Determining the 
Inflammable Constituents present therein. James Lomax. (From abstract 
paper read before Manchester Geol. and Min. Soc.) (57) Apr. 21. 

The Development Ore-Dressing Systems. Frank Shepard. (Paper read 
before the Mass. Inst. Tech.) (103) Apr. 22. 

Gold Dredging near Ruby, Montana.* (16) Apr. 22. 

Friction Air Mines. Ernest Brackett. (16) Apr. 22. 

Ejecting Sludge from Drill Holes.* Weston. (16) Apr. 22. 

Government Coal Mine Experiment.* George Rice. (16) Apr. 29. 

Tonopah-Belmont Surface Plant.* Claude Rice. (16) Apr. 29. 

Gold Quartz Deposits Porcupine, Ontario.* Reginald Hore. (103) Apr. 29. 
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Mining —(Continued). 


Economy Drill Steel.* Wolcott. (103) Apr. 29. 


Liquid-Fuel Supply, Developments the Oil Fields the Western United States. 
Henry Hale. (10) May. 


Bailing Water Coleman Shaft.* Ernest Brackett. (45) May. 

Dry Placer Mining Machines.* Wilson. (45) May. 

The South Utah Mine and Mill.* Leroy Palmer. (45) May. 

Concentration Calama, Chile. Sundt. (45) May. 

Dressing Practice Gilpin County, Colorado.* Parmelee. 
May. 

Gold Dredging Electricity.* Rogers and Bliven. (95) May. 

The Hazleton Plunger Jig.* (45) May. 

Gasoline Motor Haulage.* George Sylvester. (45) May. 


Miscellaneous. 


The Chief Engineer Interpreter and Arbitrator. Alex. Simpson, Jr. (2) Apr. 

The and the Public Service Corporation. John Ewen and Bement. 
(4) Apr. 

Comparison the Operating Characteristics Various Illuminants.* Isador 
Ladoff. (27) Apr. 20. 

Method and Cost Operating the Weeks Two-Line Shovel for Drag Line Exca- 
vators.* Glenville Collins. (86) Apr. 26. 

Die Ausnutzung unserer Torfmoore unter Beriicksichtigung der Krafterzeugung, 
der Gewinnung der Nebenerzeugnisse und der Beeinflussung unseres Volks- 
Carl Heinz. (48) Mar. 11. 


The London County Council Improvement, and Tramway- 
Subway.* George William Humphreys, M. Inst. C. E. (63) Vol. 183. 


The Functions the Landscape Architect Connection with the Improvement 
City.* Thomas Sears. (2) Apr. 


London Traffic. Wilson. (13) Apr. 13. 

Rock Asphalte for Street Purposes. Edward Walker. (Paper read before Inst. 
Mun. Engrs.) (104) Apr. 14. 

Tarring and Gritting Road Surfaces. William Oxtoby, Inst. (104) 
Apr. 14. 

Nine Years’ Experience with Creosoted Wood Block Pavement Minneapolis.* 
Durham. (86) Apr. 19; (14) Apr. 

Recommendations for Use Chicago Street Paving Specifications. (13) Apr. 20. 

Notes Creosoted Wood Block Pavement. Paul Evans Green, Assoc. Am. 
Soc. (13) Apr. 20. 

The Warren Patent Bituminous Macadam Sustained the Court Appeals 
the Second Circuit. (13) Apr. 20. 

Suggested Road Stone Testing Machine.* Robert Kirwan. (Paper read 
before the Irish Road Congress.) (104) Apr. 21. 

Wheel Loads and Tyre Widths, Summary Regulations Force Typical 
Counties. (104) Apr. 21. 

The Road Question Viewed Generally. Cowan. (Paper read before the 
Irish Road Congress.) (104) Apr. 21. 

Specifications for Wood-Block Paving. 8S. Whinery, M. Am. Soc. C. E. (13) 
Apr. 27. 

Highway Work Saskatchewan.* Robinson. (96) Apr. 27. 

The Bond of a Road. J. S. Robeson. (60) May. 


Railroads. 

Electrification Chicago Railways.* Seley. (61) Mar. 

Achievements Railroading. Stucki. (58) Mar. 

4-6-2 Passenger Locomotive for the Buenos Aires and Pacific Railway.* 
Mar. 31. 

An Italian Three-Phase Locomotive.* (13) Apr. 27; (18) Apr. 22. 

Accumulator Locomotives for the Zurich Municipal Abattoirs.* Studer. 
Schweizerische Bauzeitung.) (88) Apr. 

Draft Gear Testing Machine.* (From Proceedings the Master Car Builders’ 
Assoc.) (88) Apr. 

Permanent Way New Zealand Railways.* (21) Apr. 

Mechanical Tappet Locking Levers.* Moseley. (Paper read before the Ry. 
Signal and Telegraph Eng. Inst.) (21) Apr. 

Pullman Cars: South Eastern and Chatham Railway.* (21) Serial beginning 
Apr. 

Steam Low-Pressure Locomotives.* (21) Apr. 

4-6-2 Tank Engine; London, Brighton and South Coast Railway.* (21) 

Some Notes on the Cleaning of Locomotives. (21) Apr. 
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Apr. 
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Railroads— (Continued). 


the Electrification the Long Island Railroad. McCrea. (65) 
pr. 


Locomotive Smoke Chicago. Paul Bird. 
Solution Freight-Handling Problems.* McL. Harding. (9) 


Locomotives 1910—Designs and Work.* Gairns. (88) 
Atlantic Type Class Locomotive; Pennsylvania Railroad.* (15) Apr. 
The Lynchburg Cut-Off and Rivermont Tunnel the Southern Railway.* 
Lavis, Am. Soc. (14) Apr. 
Shallow Against Deep Holes Headings. Saunders. (14) Apr. 
The Washout the San Pedro, Los Angeles Salt Lake R.* (18) 


The Air-brake Related Progressive Locomotion.* Walter Turner. (19) 
Serial beginning Apr. 


Bernese Alps Tunnel. Apr. 10. 
New Locomotive Mechanical Stoker Used Pennsylvania Railroad. (62) 
Apr. 10; (13) Apr. 


Economical Limits for Flange Wear Steel-Tired and Rolled-Steel Wheels.* 
John Sibbald. 


(Abstract paper read before the Ry. Assoc. State 
New York.) (96) Apr. 


Steep-Grade Railway Australia.* (12) Apr. 14. 

The Burlington’s Entrance Into the Southern Illinois Coal Fields.* (15) Apr. 14. 

Mannheim (Chicago) Yard; Chicago, Milwaukee St. Paul.* (15) Apr. 14. 

Selection Locomotives for Mountainous Australian Road. Burge, 
Inst. (14) Apr. 15. 

Construction the Copper River Northwestern R.* (18) Apr. 15. 

New Installation Automatic Block Signals the San Francisco, Oakland 
San José Consolidated Railway.* Brown. (17) Apr. 15. 

Steel Postal Cars for the Pennsylvania Lines West Pittsburg.* (18) Apr. 15. 

Locomotives for the Mexican International R.* (18) 
pr. 


Automatic Alternating-Current Block-Signal System for Steam Railroads. 
Lee, Jr. (13) Apr. 20. 

Flexible Boilers and Other Special Features Mallet Articulated Locomotives 
the Atchison, Topeka and Santa Ry.* (13) Apr. 20. 

Special Design Retaining Wall for the C., St. Ry.* Prior. 
(13) Apr. 20; (18) Apr. 

Sewall’s Point Terminal; Virginian Railway.* (15} Apr. 21. 

Judge Sanborn State Interference with Interstate Commerce and Valuation 
Railways. (15) Serial beginning Apr. 21. 

Re-Opening Derelict Railway.* (12) Apr. 21. 

The First Railway the Yemen.* (12) Apr. 21. 

Rebuilding the Salt Lake Route.* (15) Apr. 21. 

Mallet Locomotives for the Chicago, Milwaukee St. Paul.* (15) Apr. 21; 
(18) Apr. 29. 

Water Softening Means Reducing the Expense Locomotive Repairs.* 
(18) Apr. 22. 

Railroad Clearance and Curvature Car.* (46) Apr. 22. 

Armed Cars the Mexican Revolution.* (46) Apr. 22. 

Tests Freight-Car Truck Resistance. (14) Apr. 22. 

High Capacity Car for Special Shipments. Bethlehem Steel Co. (18) Apr. 22. 

Electrification the Salt Lake Ogden Railroad.* (17) Apr. 22. 

Valuation Railroads.* Charles Hansel. (Abstract paper 
Southern Commercial Congress.) (18) Serial beginning Apr. 22. 

Plan for Elimination West Side Surface Tracks New York City.* 

Apr. 26. 

Steam Shovel Record the Cumberland-Connellsville Extension the 
Western Maryland Railway for the Month March, 1911.* Langhead. 
(86) Apr. 26. 

Passenger Terminals.* Smart. (96) Apr. 27. 

Temiskaming and Northern Ontario Railway. (96) Apr. 27. 

New Dump-Car with Inside Journal Bearings.* (13) Apr. 27. 

Report Condition Treated Ties Gulf, Colorado Santa Fe. (15) Apr. 28. 

Motor Dolly for Handling Miscellaneous Package Freight.* George Francis. 
(15) Apr. 28. 

Locomotive Building during 1910; Baldwin Locomotive Works.* (15) Apr. 28. 

Construction the North Coast R.* (18) Serial beginning Apr. 29. 

Development the Auxiliary Load for Railway Power Plants. Young. 
(Abstract from paper read before Street and Interurban Ry. Assoc.) 
(17) Apr. 29. 

Business and Office Car the Michigan United Railways.* (17) Apr. 29. 

The Development Locomotive Tubes and Their Treatment.* Speller. 
(Paper read the Ry. Club Pittsburgh.) (62) May 
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Railroads—(Continued). 


The Latest Locomotive the World.” (13) May 

The Davis Cast Steel Car Wheel.* (20) May (15) May 

Oxy-Acetylene Welding for Steel Passenger Cars.* (15) May (96) Apr. 27. 

Efficiency Public Service American Railways.* Kruttschnitt. 
(Abstract paper read Harvard University.) (15) May 

Bridge Replacement the Boston Albany.* (15) May 

Harrington Automatic Train Stop.* (15) May 

Progress Locomotive Design. (19) May 

Investigation and Care Return Railway Circuits. Nelson. (Abstract 
paper read before the Southwestern Electrical and Gas Assoc.) (17) May 


The City Yards and Shops the Hudson Manhattan Railroad.* (17) 


Electrification the London, Brighton South Coast Railway.* 

(17) 

Electrification the Line the Swedish Railways.* (17) 
May 


des Chemins Fer.* Valbreuze. (92) Serial beginning Mar. 

(38) pr. 

Les Portes Coulissantes Wagons Voitures.* Ch. Jacquin. (33) Serial 
beginning Apr. 

Les Travaux Chemin Fer des Alpes Bernoises; Percement Tunnel 
Loetschberg.* Ch. Dantin. (33) Apr. 

Locomotive Electrique Courant Monophasé Compagnie Midi, Construite 
par Société (33) Apr. 15. 

Etwas itiber Tunnelbau mit Schild und Pressluft; Versuche mit Ausmauerung in 
Beton.* Hallinger und Fagerberg. (51) Sup. No. 

Bericht des Unterausschusses des Ausschusses fiir technische Angelegenheiten fiir 
das Studium der Frage betreffend die Beseitigung der 


des Schienenstosses (Verein deutscher (102) 
Mar. 15. 


Wasserschlag Lokomotivdampfzylindern. Osthoff. (102) 
Mar. 15. 


Bauart von Drehgestellen zur Erzielung ruhiger Gangart von 
(102) Apr. 


Neuerungen Baue von Weichen.* Schmitt. (102) Apr. 15. 


Einwellen-Wechselstrom-Bahnen. Ausfuhrungen der Siemens-Schuckert-Werke.* 
(102) Apr. 15. 


Einstellbares Hinter-Drehgestell fiir lange Lokomotiven.* Grimshaw. (102) 
Apr. 15. 


Der Durchschlag des Létschbergtunnels.* Imhof. (53) Apr. 21. 


Serial beginning 


Railroads, Street. 


The London County Council Improvement, and Tramway- 
Subway.* George William Humphreys, Inst. (63) Vol. 183. 

The Applicability and Comparative Cost Concrete and Reinforced Concrete for 
Subway Construction. Charles Mills. (67) Apr. 

The West Side Freight Traffic Problem New York City. (13) Apr. 13. 

Sinking the Tubes for the River Section the Salle St. Tunnel Across the 
Chicago River. (13) Apr. 13; (14) Apr. 15. 

Office Building and Carhouse the Denver City Tramway Company.* John 
Evans. (17) Apr. 15. 

The Transportation Problem Greater Cleveland. Pont. 
before Cleveland Eng. Soc.) (96) Apr. 20. 


The Surface Contact System Tramways Torquay. 
Engrs.) (96) Apr. 20. 

Sand-Drying Plant The Metropolitan Street Railway, New (17) 
Apr. 29. 

Trackless Trolley Transit. Burge, Inst. (14) Apr. 29. 

Métropolitain Paris, Construction Partie Ligne No. Située 


dans les Anciennes Carriéres des Buttes-Chaumont.* Suquet. (33) 
Apr. 22. 


(Paper read 


Henry Garrett, 
(Paper read before Inst. Municipal and County 


Sanitation. 

The Storm-Water Drainage Pretoria.* Hugh Daniel Badcock, Inst. 
(63) Vol. 183. 

Locomotive Smoke Chicago. Paul Bird. (4) Apr. 

The Beginnings Sanitary Science and the Development Sewerage and Sewage 
Disposal. William Easby. (2) Apr. 
Notes European Works for Water-Supplies, Sewage Disposal and Refuse 

Destruction.* Rudolph Hering. (2) Apr. 
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Sanitation—(Continued). 


Sewage Purification Works the City Philadelphia—Pennypack Creek Section.* 
George Webster. (2) Apr.; (86) Apr. 19; (13) Apr. 27. 

The Municipal Garbage Reduction Plant Columbus, Ohio.* (60) Apr. 

The Maximum Flow Storm Water Sewers. McCarthy. (Paper read 
before the Inst. Ireland.) (96) Apr. 

The Thirty-eighth Street Sewer, Minneapolis.* (14) Apr. 8. 

Sewage Disposal for the Private House.* (101) Apr. 


Sewer Construction Regina, Saskatchewan, Canada.* Harris. 


(Paper 
read before the Am. Soc. Eng. Contractors.) (96) Apr. 13. 
pr. 


Results the Electrolytic Process Sewage Purification Santa Monica, Cali- 
fornia. (86) Apr. 19. 


Sewage Disposal with Respect Offensive Odors.* George Fuller. (Abstract 


paper read before the Mass. Inst. Tech.) (14) (13) Apr. 20; 
(60) May. 


Profitable and Fruitless Lines Endeavor Public Health Work. Edwin 
Jordan. (14) Apr. 22. 


Portable Emergency Hypochlorite Plant.* (14) Apr. 22. 
Operation the Reading Sewage Disposal Plant. (14) Apr. 22. 
The 320000-Acre Mud River Drainage Project Minnesota.* 


Hoag. 
(86) Apr. 26. 
The Ditch System for Drainage Project Illinois.* Stokes. 
(86) Apr. 26. 


An Epidemic of Typhoid Fever at Lexington, Va., Evidently caused by Leaks from 
Sewer Water Mains.* Freeman and Richard Messer. (13) Apr. 27. 

Stack University Illinois Test Siphonage Traps.* (101) 


29. 
Condition Air Factories. Winslow. (Paper read before the Mass. 
Inst. Tech.) (101) Apr. 29. 


Reclamation the Southern Louisiana Wet Prairie Lands.* Morehouse. 
(19) Serial beginning Apr. 29; (86) Apr. 12. 

The Squaw Creek Improvement Lawton, Okla.* Scifres. (60) May. 

Series Tests Determine the Influence Which the Distance Plumbing 
Trap from its Vent Exerts its Seal.* (70) May. 

Fuel Tests With House-Heating Boilers.* Frank Busey. (70) Serial begin- 
ning May. 

What Measures Should Adopted For Effective Prevention Unsanitary Con- 
ditions The Early Stages Volunteer Camps Time War? Edward 
Vedder and Percy Ashburn. (44) May. 


Electrolytic Purification Both Water and Sewage Oklahoma City* (27) 
May 


Structural. 


Portland Cement and the Question its Aeration.* 
Assoc. Inst. (63) Vol. 183. 

Fire Proof Construction. Emile Perrott. (58) 

The Lilly. (11) Mar. 31. 

Sand-Lime Products.* Leduc and Ch. Roche. (Translated from Silico- 
(67) Apr. 


Industrial Uses Reinforced Concrete Construction—Practical Remedies for Past 
Objections Its Use.* Perry. (9) Apr. 

Steel Chimneys.* Trowbridge. (26) Apr. 

Hip Skylights With Different Pitches.* (101) Apr. 


Henry Kelway Gwyer Bamber, 


Mar. 


Apr. 
Building Martinique, Materials Required Earthquake Zone. Thomas 
Wallace. (62) Apr. 10. 


The Fire Underwriters’ Report on the Asch Building Fire.* (13) Apr. 13; 
(14) Apr. 15. 

The Durability Welded Steel Pipe. (Paper read before the 
Am. Soc. Heating and Ventilating Engrs.) (96) (101) Apr. 22; 
(47) Apr. 21. 

Cement Concrete Highway Construction. McLean. 
the Canadian Cement and Concrete Assoc.) (96) Apr. 13. 

The Equipment Colliery Workshops. Perkin. (Paper the 
Midland Inst. Min., Civil, (57) (22) Apr. 14. 

Concrete. Algernon Del Mar. pr. 

Marble Stairs, New York Public Library.* (14) Apr. 15. 

Reinforced-Concrete Ash Bunker.* (14) Apr. 15. 

The Collapsing Pressure Circular Tubes. Lilly. (Paper read 
the Irish Inst. Civ. Engrs.) (96) Apr. 20. 


(Paper read before 
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Foundations South Chicago Plant, Iroquois Iron Company.* (14) Apr. 22. 
Concrete Details Hotel Building.* (14) Apr. 22. 


Timber Floor Construction for Reinforced-Concrete Factory Buildings.* Francis 
Wilson. (13) Apr. 27. 


Reinforced Concrete Tower for Marine Leg.* (14) Apr. 29. 

Floors and Roof the Bankers Trust Building.* (14) Apr. 29. 

Methods for Testing Coal Tar and Refined Tars, Oils, and Pitches Derived There- 
from.* Church. (From Journal Industrial and Engineering Chem- 
istry.) (60) May. 

Utilizing Tailings.* Lucius Wittich. (45) May. 


Tests Nickel-Steel Details for the Board Engineers, Quebec Bridge.* (13) 
May 4 


Solid Ceilings Between Iron Girders.* Robert Grimshaw. (19) May 

Gravity Service for Handling Bricks.* Frank Perkins. (19) May 

Influence finesse Mouture sur Résistance Ciment.* (84) Mar. 

Applications Quelques Méthodes d’Essai Modernes aux Alliages Cuivre.* 
Louis Révillon. (92) Mar. 

Halleniiberdeckung Krematorium Dresden-Tolkewitz.* Sutter. (51) 
Serial beginning Sup. No. 

Versuche den Einfluss des Undichtigkeitsgrades des Steinmaterials auf die 
Erhartung von (80) 24. 

Die Isolierung des Schalles und der Erschiitterungen technischen Betrieben. 
Hannach. (52) Mar. 15. 

Zur direkten Bestimmung der Armaturen 
schnitt.* Gustav Lichtenstein. (53) Mar. 31. 

Der Wiener und der Bau der Josef Piirzi. 
(53) Mar. 31. 

Eisenbetonarbeiten der evangelischen Kirche Bad Steben (Bayern).* 
Mateescu. (78) Apr. 

Erfahrungen die Herstellung akustisch einwandfreier Decken- 
konstruktionen.* (78) Serial beginning Apr. 

Liitzendorf bei Merseburg.* Einbeck. (78) Apr. 

Der allseitig geschlossene (80) Apr. 

Anforderungen Krankenhausbauten, bezw. hygienischer Beziehung. 
Prausnitz. (53) Serial beginning Apr. 

Das Rohr- und Strohdach fiir landliche Gebaude. Friedrich Wagner. (51) Serial 
beginning Apr. 

Die Versuche Witheys mit exzentrisch belasteten Max, Ritter von Thullie. 
(78) Apr. 20. 

Der Neubau der Zigarettenpapierfabrik Jac. Schnabel Co., Wien XIX, Heili- 
Strasse.* Ludwig Roth. (78) Apr. 

Amerikanische Fundierungen.* Pfeiffer. (80) Apr. 22. 

durch Verdrehung.* Busemann. (48) Apr. 22. 


und Mauer- 


Topographical. 


The Measurement Kootenay Base with Invar Wires. (96) Apr. 20. 

The Micrometer Alidade and its Uses.* Sargent. (13) Apr. 20; (14) 
Apr. 22. 

The Alaska Boundary Survey.* Eaton. (13) Apr. 27. 


Water Supply. 


Efficiency Tests Hydro-Electric Plant, with Observations Upon the Water- 
Power Tasmania.* William Corin, Inst. (63) Vol. 183. 

Electricity Applied Modern Tunnelling Work. (Water-Supply.) Harry Edward 
Yerbury, Inst. (63) Vol. 183. 

Turbine Pumping Units the Indianapolis Water Works.* (60) Apr. 

Hydro-Electric Practice. von Schon, Am. Soc. (60) Serial begin- 
ning Apr.; (19) Apr. 

The Design Reservoir Dams.* Vren. (Paper read before the Inst. 

The Administrative Aspect Water Conservancy. William Ralph Baldwin Wise- 
man. (Paper read before the Soc. Engrs.) (104) Apr. 

Responsibility for Death Caused Polluted Water. (14) Apr. 

Hypochlorite for Destroying Growths and Diatoms. Joseph 
Apr. 

Wooden Joints for Water Mains.* James McKenna. (14) Apr. 

The Goat Rock Dam the Columbus Power Company.* (14) Apr. 

Grouting the Olive Bridge Dam.* (14) Apr. 

Masonry Faced Earth Dam Having Unusual Features; Bishop’s Creek Irrigation 
System, Nevada.* (86) Apr. 12. 
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Water Supply— (Continued). 


Corrugated Iron Culvert Pipe for Water Supply Intake.* (86) 


The and Projected Canal System the Salt River Irrigation Project, 
Arizona.* (86) Apr. 12. 

Weirs Porous Foundations and with Pervious Bligh, Inst. 
(13) Apr. 13. 

Progress the Ashokan Reservoir, New York Water Supply.* (14) 

Operating Difficulties the Hypochlorite Treatment. (14) Apr. 15. 

Effects Storage Reservoirs upon Water Powers.* Perkins, Assoc. 
Am. Soc. (14) Apr. 15. 

The Foundry Brook Steel Siphon, Catskill Aqueduct.* (14) Apr. 15. 

Stand-Pipe, Naval Station, Key West, Fla.* 
pr. 

The Bombay Hydro-Electric Scheme.* (12) Apr. 21. 

Aqueduct Construction the Ashokan Reservoir.* (14) 

The Spillway. Curtis Mees, Am. Soc. (14) Apr. 22. 

Storage Flood Waters Gravel Washers.* (14) Apr. 22. 

The Tunnel the Reclamation Service.* Lytel. (14) 
Apr. 

Method Repairing and Refacing Concrete Slope Paving Irrigation Reservoir 
Dam, Riverside, Colo.* George Prince. (86) Apr. 26. 

Hydro-Electric Develpoment the Central Georgia Power 
Company Lloyd Shoals, Ga.* (27) Apr. 27. 

Repairing the Earth Dam the Julesburg Reservoir.* (14) 


Apr. 15. 


Apr. 22. 


Apr. 29. 
Cost Steam and Hydroelectric Power lowa. (14) Apr. 29. 
The Adamello Hydroelectric Development.* (14) Apr. 29. 
Powder upon Bacterial Life Water. Joseph (14) 
pr. 
The Portales Irrigation Project.* Woods. (Abstract paper read before 
the Indiana Eng. Soc.) (14) Apr. 29. 
Shortened Standpipe Solved Water Hammer Troubles. (27) May 


Hydroelectric Development Canada.* (27) May 


Construction the Maiden Creek Slow Sand Water Filters for Reading, Pa.* 
(13) May 


Operating Cost and Qualitative Results Slow Sand and Mechanical Filters, 
Baltimore County, Md.* Powell. (13) May 

Note sur les Compteurs d’Eau.* Dariés. (37) Serial beginning Mar. 

Recherches Relatives Stérilisation par les Bougies Filtrantes. 


Marchais. (33) Apr. 
Mesure Débit des Cours par les Méthodes Chimiques.* Lemaire. 
(33) Apr. 15. 
Die Wasserkraftanlage Brillane-Villeneuve der Durance.* Adolf Ludin und 
Anton (81) Pt. 


Turbinencharakteristik-Tabellen. Alfred Deinlein. (53) Apr. 

Das Rosten eiserner Rohre und ihr Schutz durch den Anstrich.* Friedmann. (48) 
Apr. 

Das Wasserkraftwerk Adamello. (97) Serial beginning Apr. 20. 


Die Durchbildung der Bohrlochpumpen mit bewegten Maschinenteilen unter Tage. 
Hans Wettich. (48) Serial beginning Apr. 22. 


Waterways. 


Harbour Improvement the Pacific Coast the United States.* William Wright 
Harts, Assoc. Inst. (63) Vol. 183. 

Breakwaters the West Coast Jutland.* Van Langendouck. (19) 

Light Timber Bulkhead.* Dewitt Webb, Am. Soc. (13) Apr. 13. 

Ferro-Concrete Pier Construction. Percy Taylor. (Abstract paper read 
before the Concrete Inst.) (104) Apr. 14. 

Siphon Spillways Europe.* Adolf Ludin. (13) Apr. 20. 

The Port Montreal.* (12) Serial beginning Apr. 21. 

Variability Run-Off Minnesota Streams during the Low-Water Season 
1910. Robert Follansbee, Assoc. Am. Soc. (13) May 

Nouvelle Jetée Beton armé Port Alexandrie.* (84) Mar. 


Caissons Etablissant eux-mémes leur Plateforme, (84) 
Mar. 


Revétement des Talus Divers Canaux des Pays-Bas; 
Campine.* Descans Marote. (30) Apr. 

Die Neue Hafenanlage von Constanza Schwarzen Meer.* Fr. Bock. (51) 
Mar. 31. 

eine neue Art von Entlastungsanlagen fiir Adolf Ludin. 
(51) Apr. 


Apr. 8. 


Application aux Canaux 


i 
i 
| 
{ 
q 
} 
L 


| 
q 
4 


Vol. XXXVII. 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


CONTENTS 
The Pittsburg and Lake Erie Railroad Cantilever Bridge Over the Ohio River 
Pa. 


Discussion Experiments Retaining Walls, and Pressures Tunnels. 


Discussions: 
Notes the Bar Harbors the Entrances Coos Bay, and Umpqua and Siuslaw 
Rivers, Oregon. 
The Valuation Public Service Corporation Property. 


Timber Preservation, Its Development and Present Scope. 
Messrs. and MARTIN SCHREIBER 


Memoirs 


PLATES 

Plate The and Lake Erie Railroad Cantilever Bridge Over the Ohio 

Plate and Cast-Steel Bearings for Tower Posts, Bridge 

eaver, Be 

Plate IV. Supporting Tower Posts; and Process Manu- 
acture 


Plate Place the Pin Supporting Diagonal Member, Bridge Beaver, 

Plate VI. Method Transporting and Shop 
Plate VII. Main Tower Posts During Erection, Bridge Beaver, Pa................ 
Plate Table 1.—Record Full-Sized Eye-Bar Tests, Ohio River Bridge, Pitts- 

Plate and Cross-Section Floor, Ohio River Cantilever Bridge........... 
Plate Erection Traveler and Anchor Arm, Ohio River Cantilever 
Plate XI. Anchor Arm; and View Creeper Traveler Erecting Canti- 

Plate Cantilever Arm, Ohio River Cantilever Bridge................ 
Plate XIII. Erecting Fixed Span with Traveler; and Bridge Material Delivered 
Barges, Ohio River 

Plate XIV. Closure Suspended Span, Bridge Beaver, 


JANUARY, 1911. No. 


PAGE 


141 


j 
Dams Sand Foundations: Some Principles Involved Their Design, and the 

Law Governing the Depth Penetration for Sheet-Piling. 

5 
27 
29 


Vol. XXXVII. JANUARY, 1911. No. 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
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THE PITTSBURG AND LAKE ERIE RAILROAD 
CANTILEVER BRIDGE OVER THE OHIO 
RIVER BEAVER, PA. 


History AND GENERAL INFORMATION. 


the business railroad increases becomes necessary 
many cases change its facilities, and frequently change one 
department necessitates many and serious changes others. The 
Pittsburg and Lake Erie—the road the New York Central Lines into 
Pittsburg—is striking example, for its management has spent vast 
sums money keep abreast little ahead the requirements 
increasing traffic. Its bridge over the Ohio River Beaver, Pa., 
built 1878, had renewed 1890, which was done the single- 
track masonry building bridge which that time was thought 
have strength sufficient for many years. was built for loadings equal 
Cooper’s E-30, with low unit stresses. 

About 1897 the locomotives were increased weight enough 
allow the train tonnage increased from 600 2500, and about 
1902 the locomotives were again increased, with corresponding train 
tonnage increase and since that date has been increased 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting. 
and may sent mail the Secretary. Discussion, either oral written. will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published Transactions. 


AHL 


UNV 


LV OIHO 


‘va 


| 


PLATE 
PAPERS, AM. SOC. 


RAYMER 
RAILROAD CANTILEVER BRIDGE. 


JANUARY, 


_ 


PITTSBURG 


it 
| 
| 4 


| 
r 
ef 
q 


RAILROAD CANTILEVER BRIDGE BEAVER, PA. 


more than 4200. With this increase tonnage, the tracks have 
been changed: from single-track double-track approach the 
bridge, with single track the bridge; then single-track 
and then four-track construction points near the bridge. These 
conditions made desirable consider the reconstruction the 
bridge, for strength well for increased capacity. The existing 
masonry piers were not large enough support double-track bridge, 
and, they were constructed timber grillage resting gravel, 
would not have been easy matter enlarge the piers under traffic; 
and, addition, the River Interests desired the removal one the 
channel piers which was considerably the way when large coal 
fleets were being handled that point. After careful study the 
situation, new bridge new location was recommended and 
approved 1906. The new location about 300 ft. stream from 
the old bridge (Plate I), and the approaches are curve, instead 
6°, the old approaches. 

The Ohio River Bridge Laws require ft. the clear above 
low water, the district which this bridge located. The bridge 
summit the grades, with maximum grade approach 
0.30% one side for about miles. 

The Government work improving the river above and below the 
bridge site planned for channel through the bear-trap dams 700 ft. 
wide. This width provided the clear the new bridge right 
angles the channel. After allowing for the skew and the thickness 
the channel piers, the channel span was defined 769 ft. from 
center center bearings. The channel span was located the 
United States Government Engineers—after several meetings had been 
held determine the wishes the River Interests—with one pier just 
back timber crib the south left shore the river. The length 
the channel span, and the stipulation the Government that false- 
work should placed the channel the river, practically determined 
the design cantilever, and the location the channel span 
one arm entirely over land, making necessary, much the 
regret the Railroad Engineers, use approach span the north 
Beaver end. was shown the Railroad Engineers that floats, 
liberated the coal-boat stage water the center the channel 


mile above the proposed structure would strike the channel pier, and 
yet the rivermen preferred the old channel, close shore, defined 
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largely the location the offending pier the old structure which 
was removed. 

The spans and the general outline the proposed bridge were 
determined the Railroad Company’s Chief Engineer, and the plans 
and general drawings were developed Albert Lucius, Am. Soc. 
E., Consulting Bridge Engineer for the Railroad Company. 


Features 


The general design the new bridge called for two gauntlets 
two tracks each accommodate the four tracks each end the 
bridge, the northward passenger and the northward freight forming one 
gauntlet, and the two southward tracks making the other. The tracks 
each gauntlet have their adjacent rails ft. apart from center 
center, both freight tracks being toward the center the bridge and 
ft. apart, the passenger tracks, therefore, are ft. apart. The 
side clearances are ft. from the centers the passenger tracks 
the trusses, and ft. the skid girders; the overhead clearance 
ft. in. from the top rail. 

The general loading assumed Cooper’s E-60 for the floor, and 
the same with 10% reduction for the trusses. 

the E-60 loading, with full allowances for impact, wind, 
considered sufficient provide for all estimated increases train 
loads, rather high unit stresses were used. 

clearances and grade conditions made desirable have 
shallow floor. The depth finally determined was ft. from the clear- 
ance line the top rail. This depth practically determined the 
panel lengths for good stringer and floor-beam construction. The anchor 
arms were divided into ten panels ft. each; the cantilever arms 
into four panels ft. and four ft. in. each; and the 
suspended span into ten panels ft. in. each. This made the 
length the anchor arms 320 ft., the cantilever arms 252 ft., and the 
suspended span 285 ft. The approach span 370 ft. long, and 
divided into twelve panels, each ft. in. long. The trusses are 
344 ft. apart from center center, and ft. apart the clear. The 
floor made nine lines stringers, four under each gauntlet 
track and one half way between. special feature the floor its 
strength, which designed take care derailments under all 
probable conditions. Skid girders—the design the Chief Engineer 
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the Railroad Company—have been used prevent derailed equip- 
ment from striking the trusses, the object being cause the car bodies 
“skid” the floor against the skid girders until the momentum 
has been destroyed. These girders are double each truss, and are 
placed the proper height give the best protection the truss 
members. 

The magnitude the bridge, and the heavy loading, developed 
enormous stresses, which made necessary give much more than 
the usual attention many details the design, which will con- 
sidered length the proper place. Some these features were 
developed designing the anchorage, transferring the wind stresses 
the anchor masonry, and the construction the main-post 
bearings the masonry. the anchor points the anchor eye-bars 
are maintained under maximum stress all times. The change the 
position the point over the anchorage, due expansion and 
contraction, prevented from causing bending moments the eye- 
bars; the change stress the point from positive negative does 
not cause any pounding, and the wind stress does not cause any stress 
the anchor masonry, sidewise otherwise, the anchor eye-bars, 
when the abutment reaction zero. These points have been protected 
very ingenious details. 

The main-post supports the channel piers are unique their 
design, distributing the loads tons each bearing definitely 
the masonry under all conditions, and the same time they prevent 
the development secondary stresses any serious magnitude the 
lower chords these points, due the changes the live loads 
either magnitude position. 

The timber deck design has been made serve, not only under 
normal conditions, but also offer large degree safety under 
derailed equipment; the ties are well supported under the probable 
derailed wheels, and they are prevented from bunching 
under such conditions. The timber the deck has been treated 
chemically. 

The anchor arm being comparatively long, the reaction its end 
from dead load very small, causing uplift only 33000 


The uplift per truss the point, caused the live load and 
impact, amounts 2249000 and the load the same point 
2071000 lb. This causes reversal stress the web members 
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and including L,, U,, the top chords U,, and the bottom 
chords L,. The connections, L,, U,, and U,, therefore, are 
riveted throughout. all other cases the post and hanger connections 
the bottom chords are riveted, while the main diagonals are connected 
the bottom chords pins back the floor-beam connections, shown 
the typical details the panel points, and Plate II. This was 
done order get efficient connection the floor-beams the 
trusses, which otherwise, account the small available depth 
ft. from the top rail the clearance line, would have been very 
difficult, all possible. The members the secondary system were 
also riveted the bottom chords. order make the trusses the 
anchor arm self-supporting during erection, and before the cantilever 
arm was erected, U,-U,, was also designed stiff member. was 
constructed riveted four-web chord with pin connections both 
ends, all other top chords being two-web chords. This provision was 
source great comfort when high water and driftwood threatened 
the falsework the Beaver side after the anchor arm was swung, and 
before the cantilever was built, having been just started. 

The riveted connections compression are fully 
spliced; allowance was made for butt joints, with the exception 
the member where, addition the straight butt joint, only 
half stress was taken care splice material and rivets. This 
member being vertical, the individual pieces forming naturally had 
come full bearing their own weight. 

The bottom chords have section, made twelve angles 
and two plates throughout. The heaviest bottom chord has 6444 sq. in., 
and made three web plates each side, outer 
bottom the chord, and two lines {-in. angles the 
inside the chord. 

The bottom chords have three sets double lacing, 
the top and bottom, and double lacing angles 
between the angles the center line the chord. Wherever the 
lacing connects the inner angles the top and bottom flanges, tie- 
plates are used connect with the outer angles. Vertical diaphragms, 
from 6-ft. centers, are used these chords throughout. The 
intermediate diaphragms are made two separate parts vertical 
plane clear the middle lacing. the panel points the diaphragms 
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are framed around the chord angles the center the chord, and 
riveted together the tie-plate the panel point. The chords are 
ft. in. from back back the outer flange angles throughout. 

The splices the lower chord were detailed permit 
milling together all joints, for the purpose maintaining exact lengths 
the introduction interior follower splice-plates, which were not 
shop-riveted either section the splice. These facilitated the proper 
assembling all sections the shop and the field, and yet 
distributed the splice values section and shear over more than 
one point, and put rivets double shear. The connections the 
web and the chord members were through large plates treated 
similar way. All connection plates were proportioned, not only for 
section and rivet shear axial direction, but for the necessary section 
along shear lines between the several members assembled main 
joint, and also for the symmetrical absorption stress relation 
their axes and the resultant, through rivet values. secondary 
bending and shearing stresses developing large attachment plates, 
due deviations centers gravity, were considered and 
against additional reinforcements. 

The general design the bridge provides for trusses riveted for 
full section all joints and splices chords, posts, and individual 
members, excepting noted for the main-tower posts. Connections 
chord and web members exposed reversal stresses are riveted 
joints, and are all sub-panel connections and the end posts the 
cantilever arms. Connections chord and web members having stress 
one direction only are pin-connected. all the heavy members the 
lacing the inside. Single-angle lacing also turned and 
connected with the inside the flanges. 

All heavy members have vertical diaphragms every ft. The 
diaphragms all cases were planed the exact width, and the sides 
the members were assembled them their true position, the 
lacing being put afterward. account this, case was 
any trouble caused twisting tendency while the members were 
being assembled, handled, erected. 

The trusses the anchor arms are ft. high the hips (the 
points), 145 ft. in. over the main piers (the post) and 
ft. in. the ends the cantilever arms (the U,, point) from 
center center chords. The suspended span ft. in. deep, 
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and the approach span ft. in. the hips and ft. in. 
the center, all from center center chords. the cantilever 


bridge the trusses are ft. in. from center center, and the 
approach span they are ft. in. 


AND 


The Railroad Company furnished the specifications, the design, 
the stress sheets, and detail sheets developing each joint sufficiently 
determine the construction, the shape, and the style each member 
and all connections, for the purpose estimating the weight the 
material and the cost fabrication and erection the bridge. 

Contractors were invited submit alternate plans and proposals. 
None, however, was offered. The contract was awarded the Railroad 
Company’s design and specifications, and, most its details, was 
the usual form. Profiting, however, the experience others 


recent disaster, contained the following clauses which were 
actively operative. 


“It expressly understood and agreed between the parties hereto, 
that the Contractor shall wholly responsible for the safe and satis- 
factory erection the whole superstructure, and for this purpose the 
Contractor required to, and does hereby expressly assume the 
responsibility for the correctness the design and for the material 
being good quality and properly fabricated, notwithstanding any 
previous inspection acceptance the material the railroad. 

“The Contractor shall execute and deliver the Railroad, before 
any material erected, its two bonds, satisfactory form the 
Railroad, and with such Surety Company surety thereon shall 
approved the Railroad. One said bonds shall conditioned 
for the faithful performance this contract far applies 
the fabrication, erection, and finishing the cantilever span, and 
the other said bonds shall conditioned for the faithful perform- 
ance this contract far applies the fabrication, erection, 
and finishing the approach span. the said bonds shall 
amount equal the total estimated payments which will 
required the Contractor from the Railroad before the completion 
the respective spans. The Railroad will reimburse the Contractor 
the amount one-half the premiums paid said bonds.” 


The specifications, most particulars, were not unusual, except- 
ing the eye-bar requirements, the substance which given 
elsewhere. 
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The floor system was proportioned for carrying two trains, one 
each track, each weighing 000 lb. per lin. ft. and each preceded 
two locomotives weighing 426 000 each. 

Two trains were assumed track wherever split loading 
produced greater results. 

The trusses were designed for loads 10% less than these. The dead 
load averaged about tons per lin. ft., which ton was for the 
timber deck and the rails. The dead-load stresses were computed from 
weights figured from the stress sheets. This method was repeated until 
the sections, computed the basis the actual dead load, figured from 
the shop drawings, came within the sections used. 

The wind loads were proportioned the areas the exposed 
surfaces finally developed, and were equivalent about 1100 
per lin. ft. the lower chord for the anchor and the cantilever arms, 
about 1000 per lin. ft. for the lower chord the suspended spans, 
and about 600 lb. per lin. ft. for the top chords. The wind loads were 
computed from the assumption 300 per lin. ft. train, and 
per sq. ft. the exposed surfaces the two trusses and the 
floor. this wind pressure, lb. per sq. ft. was treated being 
uniformly distributed over the whole structure, while the remaining 
was used moving load, applied wherever produced the 
maximum effect the members. 


Unit 


The axial tension the net section was assumed 16000 lb. per 
sq. in. The axial compression per square inch gross section was 


The impact allowed was: 
I=L 
where Impact, 
Dead load, 
Live load, 
excepting that hangers was assumed 100% 
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For wind stress, 000 lb. tension was used, and corresponding 
amount compression, but not exceed 000 per sq. in. 

For dead load, live load, impact, and wind load the units were 
000 and 20000 respectively. 

For erection stresses, 18000 and 16000 for tension and com- 
pression, respectively, were assumed. 

The pressure concrete containing steel grillage was limited 
400 per sq. in. 


The bearing the 12-in. rollers forming the bearings under the 
towers was limited per lin. in. 

members subject reversal stresses, the resultant tensile 
stress and the resultant compression stress were determined, and each 
was increased 80% the smaller; the member was then designed 
capable resisting either the increased stresses. Shear 
shop-driven rivets was taken 11000 lb. per sq. in. For hand- 
driven field rivets, the number was increased 25% over the number 
needed when shop-driven, and for hammer-driven rivets the 
was increased per cent. 

Rivet bearing was figured per sq. in., and bending 


pins was taken 24000 lb., with corresponding reductions for field- 
driven rivets. 
AND 


Under the specifications, the contractor was required work out 
and furnish shop plans and details all parts the bridge struct- 
ure. These details were extremely well designed, and the plans were 
very elaborate, fact, one the chief features the construction 
this work was the very unusual amount attention given the 
design the details. 

The anchorage stresses varied from 2071000 Ib. compression per 
truss 2299000 Ib. tension. The pin point the truss ft. 
in. above the pin point the upper ends the eight 


eye-bars forming the anchorage for each truss. These pin points 


are connected rocker. The total motion the point, from 
temperature and live-load changes, in., in. each side 
the anchorage eye-bar pin center. This inclination 
the rocker out the line the anchor eye-bars produces, under 
extreme conditions, horizontal thrust about 100000 which, 
not taken care of, would cause bending the anchor eye-bars where 
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they leave the masonry the bridge-seat level. overcome this 
condition, cast-steel jaw bolted securely each side the lower 
part the cast-steel bearing, which anchored securely the 
masonry, Fig. Plate These jaws engage slides, one each 
end the pin the upper ends the anchor eye-bars. Under this 
arrangement, this pin can move vertically any position desired, 
and the same time the horizontal thrust from the rocker trans- 
mitted through the pin the slides, which find support against the 
jaws, thereby transmitting the stress the masonry and entirely 
relieving the eye-bars from bending. 

The rockers which connect the pins with the anchor eye-bar 
pins are solid links, designed take care the reversal stresses 
mentioned and for rotation about the two 14-in. pins under load 
the point travels backward and forward. This accomplished 
using bushings lined with manganese-bronze around 
each pin. 

The anchor eye-bar pins are supported cast-steel block resting 
adjustable wedge the masonry bridge seat. This construc- 
tion transmits the positive load from the point the masonry, 
without putting any load the anchor eye-bars. After the comple- 
tion the bridge, special live load was placed the suspended 
span and the cantilever arm, excess the working live load, 
which condition produced uplift the anchor eye-bars excess 
that produced working conditions, and, while the bars were 
thus elongated, the wedges under the eye-bar pin supports were forced 
tight, driving and special set-screws, and secured this posi- 
tion. This design maintains constant maximum tension the 
anchor eye-bars. After the bars were placed under this stress, the 
openings the concrete masonry around the bars were filled with soft 
concrete and sealed. 

The anchorage the masonry the lower ends the anchor 
eye-bars made with large inverted shoes with 14-in. pin bearings. 

grillage built the masonry just above these shoes 
engage fully the masonry load; these inverted shoes were put 
place the masonry was being built; set-screws were used leveling 
and adjusting them exact lines and levels. Vertical shafts were 
formed the concrete masonry order allow the eye-bars 
placed after the completion the masonry. The lower pins were 
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entered ready for driving, and horizontal passageway tunnel was 
left the lower pin elevation allow access the pins. vertical 
manhole shaft, about half way between the two sets eye-bars, 
connected this tunnel with the bridge seat more than ft. above. 

Several months after the completion the masonry, check 
measurements were made from the bridge seat down the lower 
pins for ordering the eye-bars exact length. The bars were put 
place and the pins driven without any trouble. 


THE 


Originally, the bearings the towers the main piers were 
designed solid, without any rollers, and the contract was let 


with the plans calling for this construction. Considerable discussion 
and some criticisms were developed this point the time the 


various bridge companies were bidding the work, and result, 
the Railroad Company furnished revised plan, calling for radial 
roller bearings rotating around the intersection point the lower 
chord with the tower posts—the L,, point—on radius, with 
the object reducing the secondary bending stresses from counter- 
flexure the lower chords, and bending the tower posts. This design 
delivers only vertical reactions centrally the masonry piers. These 
bearings transmit the masonry loading 12558000 includ- 
ing live load, impact, and dead load. fixed bearing, calculations 
showed that secondary stress would produced the chord, 
ranging from 18000 19000 per sq. in., and the chord, 
ranging from 5000 25000 per sq. in., and 
the same time the masonry pressure was increased from average 
400 maximum 1000 per sq. in., which fully warranted 
the change design made, extra. This design reduced the 
secondary stresses the chords mentioned less than 3000 per 
sq. in. bearing consists eighteen 24-in., 
built flush the concrete masonry for grillage. Sheet lead, in. 


thick, was used this grillage under the cast-steel bearings. These 
castings, Fig. Plate III, are one piece, ft. long and ft. in. 
wide, and weigh about tons each. The tower- post supported 
upper casting, and between the two are segmental rollers, 
in. wide, in. diameter, and in. long. The upper 
turned radius ft. in., and the lower ft. in. Care- 


PLATE 
PAPERS, AM. SOC. 
JANUARY, 1911. 
RAYMER 
RAILROAD CANTILEVER BRIDGE. 


2.—SHOP ASSEMBLING. 


§ 


| 
7 
q 
q 


Papers. RAILROAD CANTILEVER BRIDGE BEAVER, PA. 


ful inspection showed that these surfaces were machined correctly 
within 0.002 in. variation 0.003 in. for low point was allowed 
the rollers, but point was allowed higher than the nominal 
diameter the roller. The rollers are held place gear teeth 
each end each roller, and these engage suitable racks bolted 
one the upper and the other the lower actual 
tests, made during erection and since, the motion the rollers has 
been found correspond closely with the estimated amount. The 
upper casting, Fig. Plate bearing directly the rollers, weighs 
about tons, and supports the tower post, which fits and which 
bolted. 

The L,, stubs, Fig. Plate IV, consisting the point with 
portions the chord, L,-L,, and and portion the bottom 
the posts from the bearing the castings splice point short 
above the chords, were extremely difficult make. addi- 
tion the chords and the post being spliced solidly together, the 
plates, forming the point, support pins the bottoms the 
diagonal members, U,-L,,, and respectively, shown 
Plate These “stubs” had four planed bearing surfaces and two 
pin bearings which had located exactly right. These pieces, 
when finished ready for shipment, were ft. in. long, ft. in. 
deep, and ft. in. wide, and weighed tons each. They were 
handled rail, suspended between two 50-ft. girders, between the ends 
cars supporting the ends the girders, shown Fig. 
Plate VI. 

The sectional areas the lower chords are spliced through from 
side side the L,, stubs, and the sections tower posts above 
the chords are carried through the chords the cast-steel bearings. 

this manner the horizontal and vertical stresses have their 
independent sections, and the whole mass thoroughly connected 
splice-plates with full shear values all lines which shears 
can develop. For erection purposes, the inclined members were con- 
nected this point pins. 


SPECIFICATIONS. 
applied generally, and substantially 
adhered to. 


Cast steel was required show specimen test from 
65000 70000 Ib. ultimate, with the elastic limit 50% the 
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ultimate; the elongation in. 20%; the reduction area 
45%, and cold-bending test 90°, radius equal the diameter 
the test piece. trouble was experienced getting such results; 
the elongation was generally per cent. 

Cast steel requires annealing temperature 1700° Fahr., and 
large pieces must kept soaked that temperature for from 
hours and then must kept covered cool slowly and 
uniformly from hours, order insure good result. 
Proper annealing considered essential producing the desired 
result. Some the pieces were condemned account the test 
pieces showing coarse granular fracture; these were reannealed, 
after which the tests were entirely satisfactory. 

The composition the steel required produce 70000 Ib. ultimate 
was about follows: 


Compression tests cubes showed low yield point. The first 
permanent set occurred lb.; the material commenced flow 
120000 and 250000 lb. the cubes were reduced about one- 
half their original height and the sides had increased from in. 
1.43 in. without showing any fractures other signs breaking up. 

The friction bushings links, suspenders, and sliding bearing 
plates were manganese-bronze. This material was required show 
test not less than 75000 ultimate, not less than 35000 
elastic limit tension, and 28000 lb. compression, and not more 
than 10% set under compression 100000 lb. per sq. in. was 
also required stand cold-bending test through 120° radius 
equal the thickness the piece tested. The elongation required 
was not less than 25% in., and with reduction not less than 
25% the area. There was difficulty getting metal meet 
these requirements. 

The tests showed 80000 ultimate, and 42000 elastic limit, 
with compression close the specification requirements. The mill- 
finished specimens would bend 180° and then spring back 135 
degrees. 
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Eye-Bars.—The eye-bars were rolled the Homestead Plant, from 
ingots which weighed from From 40% was broken 
down and trimmed from the upper end, and from 15% from 
the lower end, each ingot; that is, only about 50% the ingot 
was used for eye-bar material. Only one the largest bars came 
from one ingot, and, the smaller bars, two came from one ingot. 
The slab which was used was rolled the first heating approxi- 
mately twice the cross-section the bar; was then re-heated and 
finished the proper size. The material was made into eye-bars 
the plant the American Bridge Company, Ambridge, Pa., under 
the methods usually followed there. The bars were annealed being 
heated slowly temperature from 1500 1600° Fahr., and, 
when that temperature, were removed from the furnace and 
placed muffler open each end; here they were allowed cool 
until red heat was reached, then they were removed from the muffler 
and allowed cool finally the open air. 

Eye-bar material was criticized only preliminary way the 
specimen tests, which required uniform and within certain 
limitations. The bars were accepted only finished bars the 
results the representative full-sized tests. 

Pins were drilled from end end through their axes, and rough- 
turned before inspection and acceptance the material. 

The specifications also required all splices members, and all 
joints and connections, shop-assembled their correct positions, 
and while that position all connection holes were reamed drilled. 


The main-tower posts extend from the cast-steel bearing under the 
lower chord the cast-steel capping the point. This cap- 
ping takes the reactions from the upper chord eye-bars, which, 
measuring in., are each side the 16-in. pin the 
steel cap. This casting, Plate VII, one piece, and weighs 
374 tons. provided with shelf-plates for the connection the 
upper transverse strut the axis the pin, which forms part 
the lateral bracing the top chords. The main pin ft. in. 
long, and supported the cap five vertical ribs. 
The cap ft. in. high, ft. in. wide, and ft. in. long, and 
bolted the top the main post. 
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The main posts, have cross-section 640 sq. in. They 
are made continuous diaphragm consisting two 
web plates each side, with flange angles the 
outside and flange angles the inside. Central with 
the diaphragm, the outside the plates, are placed 174 §-in. 
plate and two angles, the 8-in. leg being against the 
main plate, and two fillers are between the outstanding 
6-in. legs. Double lacing bars are used the inside 
the flange angles, and are tie-plated over the outer flange angles, 
similar the chord construction. These posts were made three 
sections above the stub. The total weight each post 224 tons. 


ASSEMBLING. 


The main-tower posts, including the L,, stub, were 
assembled the shop after the butting joints had been most care- 
fully faced. The splices were drilled after the sections were proper 
alignment and the joints had been drawn tight contact. 
drilling these and other shop-assembled splices, the members were 
laid down with the inside face up. About every sixth hole the splice 
connection had been punched drilled through all the material 
order allow assembling bolts used. All other holes were 
blank, except the upper layer plates angles each side, 
was lying the shop, which was the outside layer the inside 
web and the inside layer the outside web. All holes were punched 
drilled small, and, with these holes template, all the other 
holes were drilled through them; first short drills were used the 
inner webs, then long drills were inserted through these holes and 
guided them; these drills then entered the holes the inner layer 
plates angles the outside web, and were guided them 
passing through the remainder the material. The holes, which 
had been previously provided all the way through the material for 
bolting, were reamed after the other holes were bolted up. When shop- 
assembling the trusses, the members were lined with transit the 
estimated dead-load deflection after erection. 

After the posts, were drilled, the bottom chords, L,-L,, 
and with the L,, stub, were assembled, Fig. Plate VI, and 
properly lined position corresponding the deflection under 
dead load the structure, which position the splices were drilled, 
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described for the main posts. The bottom chords, from 
L,, were then, bending, put position correspond the 
position these chords the truss without stress; the top chords 
and web members were then assembled these chords 
where necessary. The web members were bent that when the truss 
was swung under dead load their alignment would straight. After 
the truss was lined accurately and made true every part, all 
the connections were drilled described for the tower posts. 

For the cantilever arm, the bottom chord, L,, was assembled 
the members, L,,-U,, and the deflected position, after 
which the connections and L,, were drilled. 

was considered undesirable depend bolts during erec- 
tion, the members, L,,-U,, and were field-spliced near the 
L,, and points. After the splices these members had been 
properly drilled and tightly bolted up, they were assembled the 
bottom chord, described; and, after the connections this chord 
had been drilled, the splices the members were cut and the short 
pieces were riveted the bottom-chord panel points without chang- 
ing their position from that which they were reamed drilled. 
This did away with any dependence field bolts during erection, 
perfect butt joints were available; also insured having the connec- 
tions made position which corresponded with the final deflected 
position the truss. When coupling during erection, these mem- 
bers had bent; this, however, caused trouble. 

Floor-beam and stringer connections were generally sub-punched 
and reamed templates. 


AND 

The work all times, the mill, the shop, and the field, was 
under thorough inspection. All measurements were made the con- 
tractors, and also the inspector, with steel tapes and other instru- 
ments carefully compared with the Railroad Company’s standards, 
which had been checked and corrected the Bureau Standards 
Washington, Steel-tape measurements were made under uni- 
form tension the use spring balances. 

The unusually large riveted connections and splices, built 
many thicknesses plates and angles, presented difficulties pro- 
viding perfectly flat plates even thickness. 

The chief reason that the results, the quality material 
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and workmanship, were satisfactory, apart from the great interest 
everyone responsible for any part showed the work, was the fact 
that the material and the work were certain sense inspected 
before the work was done. This was accomplished the very 
efficient manner which the inspectors discussed advance all 
details (and particularly the difficult points overcome) with the 
mill men and the shop men; this manner hearty co-operation was 
secured, which insured satisfactory results. 

Some the joints required flat plates and rolled shapes 
built thickness in. Any variations the thickness 
these plates their flatness would have caused serious trouble. 

The work driving 1-in. rivets through this thickness material, 
the shop and the field, that the rivet would tight, also 
required much study and care the contractors well the 
inspectors. The results secured were entirely satisfactory. The best 
shape for long rivets the stock near the head was determined 
much experimental driving. Milling and boring were done taking 
rough cut first, then the measurements were checked and adjust- 
ments made necessary before making the finishing All pin 
holes were located very carefully for position and direction. 
pin holes were bored with two cuts. The clearance between the pins 
and the pin holes, for pins from in. diameter, was required 
in., and the variations were limited from 0.03 0.04 in. 
order meet this narrow margin, every cutter was carefully gauged 
and recorded, and every pin hole cut each cutter was measured 
and recorded. was found that the holes from in. diame- 
ter, made all cutters, were uniformly from 0.004 0.005 in. larger 
than the size the cutter. After this was established there was very 
little trouble cutting the pin holes the exact diameter desired. 
The cutters had changed frequently, account wear. few 
pin holes had been made before the variations size between the pin 
and the hole had been determined; some these, with variations 


0.024 in., caused considerable trouble during erection, the pins 
drove exceedingly hard. 


All material was tested, and many tests were made for compression. 
Tests were also made rollers, sections in. long. 


Full-sized compression members were not tested. Full-sized eye- 


bars were tested, required the specifications. Table Plate 
VIII, gives the results these tests. 
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The annealing eye-bars and steel castings received much atten- 
tion; the eye-bar tests show great uniformity, and the thorough anneal- 
ing the steel castings made the steel them very ductile. 

Eye-bars were tested for elastic limit, ultimate strength, stretch, 
and reduction. The stretch the bar due the bedding the 
pin against the eye was noted; and, although could not correctly 
measured, was found generally much in. for each 
head when the elastic limit was reached. 

Rolled-steel coupons, in. diameter and in. long, taken from 
eye-bar stock, showed yield point compression from 
29000 per sq. in., which time the first permanent set 
from 0.001 0.002 in. could observed. The yield increased 
15% 100000-lb. pressure. After the pressure was passed, 
the steel flowed, the test pieces swelling diameter under the slowly 
increasing pressure until, 250000 the original height in. 
was reduced 50% and the original diameter in. was increased 
in. This pressure did not develop any distortions surface cracks. 

The 12-in. roller sections were tested pieces in. thick cut 
from the ends the rollers. This test was made develop the safe 
bearing load per linear inch the 12-in. rollers under the tower 
posts. The loads applied specimens this size varied from 
lb. 1000-lb. increments. set could detected, after 
these loads had been applied turn; 25000 one specimen 
showed set 0.006 in.; 32000 lb., another showed set 
0.007 in.; 50000 another showed set 0.032 in. 

The first two tests given were made compression testing 
machine, and were satisfactory; the last one was made tension 
machine, which did not work properly. 

The maximum loading the 12-in. rollers will have support 
the bridge will less than 000 per lin. in. 

summing the results the tests, appears that rolled 
medium steel, 66000 lb. ultimate strength and 35000 elastic 
limit tension, has yield point compression from 27000 
29000 this steel sets 15% under compression 100000 
per sq. in. 

Cast steel from 65000 70000 ultimate strength and 
elastic limit tension has yield point compression 
about 000 and sets 16% under 100000 Ib. 1-in. cylinders. 
Manganese-bronze 80000 Ib. ultimate strength and from 41000 
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elastic limit tension, has yield point compression 
28000 lb. per sq. in., and set from 10% under load 
100 000 Ib. 

The material was punched in. smaller and reamed in. larger 
than the nominal diameter the rivet, with the exception laterals, 
skid girders, lacing, tie-plates, and diaphragms, which members 
full-sized punching was allowed; material more than in. thick, 
tension, and more than in. thick, compression, was drilled from 
the solid. punching was allowed the big connection plates 
the trusses. When assembling the joints, made many thicknesses 
plates and angles, the material was cleaned and painted with much 
care, the paint used the surfaces contact being made thin 
order that the thickness might not increased appreciably. the 
trusses the anchor and the cantilever arms, the floor-beams, and 
also the connections between stringers and floor-beams, generally, 
rivets were used, and rivets the other parts. All 1-in. 
rivets with more than 4-in. grip were tapered, these rivets having 
diameter in. under the shop head and in. the point. The 
tapered rivets had forced into the holes with slight pressure. 
They filled the holes admirably, and gave excellent results the shop 
and the field. The largest grip used was in. The number 
loose field rivets was less than per cent. The field rivets were driven 
with pneumatic hammers. Numerous tests showed that straight 1-in. 
rivets, with grip in. more, bent sidewise the hole about 
in. from the unfinished head, and, after coming bearing the 
walls the rivet hole, all upsetting below this point ceased. 

Tapered rivets stood straight and filled the holes. The points 
all long rivets were dipped water before driving. was found 


necessary have the diameter the rivets not greater than in. 


the base the taper. For this reason the dies for making these rivets 
had renewed frequently. the rivets were too large, the walls 
the rivet hole would scrape the metal back, and fin would 
formed between the shop head and the member, making impossible 
get the rivet tight. 

The skid girders, two each side the bridge, are unique and 

unusual interest, forming, with the special floor design, 
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remarkable protection against catastrophe case derailment. 
There are two horizontal skid girders for each truss, one vertically 
over the other, and ft., respectively, above the top the ties. The 
angles and web plates. The outside chords have 
angles and 10} plates. These chords are ft. in. 
angles. 

The track faces these skid girders are smooth and continuous, 
and ft. in. from the center line the adjacent track. They have 
expansion joints the proper locations, with rivets countersunk 
the track faces the chords. 

The skid girders are attached the main-truss members angles 
connecting with the skid-girder chord web-plates. 


Especial attention was given the details the chord splices 
and the connections the web members with the chords, pick 
the material gradually and also have the splice material arranged 
symmetrically far was possible. 

the anchor arm the panel points are shop-riveted the bottom- 
chord sections. was decided undesirable locate the splices 
the bottom chord the cantilever arm this manner, account 
the great weight, for erection purposes, chord section combined 
with riveted panel point, which weight would about tons. For 
this reason, splices were made the bottom chords each side the 
main panel points, thereby reducing the weight the heaviest single 
member about tons. 

The suspended span hung independent pins; the upper one 
located the attachment plates U,, joint, vertically below the 
panel-point pin; the lower one the attachment plates connecting 
the truss members -at the end the suspended span, and directly above 
their intersection point, and the same time not the way ample 
floor-beam connections. This arrangement simplified the erection 
problems and permitted the use very satisfactory development 
bushing around the pins the suspension hangers reduce the 
pin-bearing stresses values suitable for the motion rotation under 
loads. 
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The. suspension members are built stiff sections, and are 
proportioned for the loads tension well for bending stresses 
caused friction 25% the pins resisting rotation. 

The pin holes these members are provided with steel bushings 
and manganese-bronze linings. Eye-bars were considered, but were 
not used, the estimated effect the bending stress was too great. 

The floor-beams are riveted the trusses, and the stringers are 
riveted the floor-beams only alternate bays; all other points 
they are supported shelves, with room for expansion the free 
ends, limit the secondary stresses the floor system and the 
bending the free ends the floor-beams due changes the 
length the chords under live-load stresses. 


The floor this bridge was designed safe, not only when 
wheels are the rails, but also under any probable condition 
resulting from derailment the bridge. 

Four stringers, ft. from center center, are placed under each 
gauntlet, and there ninth line stringers under the center line 
between the trusses support the inner ends the ties. Each 
gauntlet has four main-track rails and two inner-rail guard-rails, 
making twelve lines 100-lb. rails the bridge floor. 

The ties are 9-in. white oak, 124 ft. long, placed edge and 
sized in. The inner ends the ties butt the center line the 
center stringers. The ties are in. apart the clear. This spacing 
maintained using three lines wooden-block spacers sepa- 
rators each half the floor, prevent bunching. 

The tops the ties are about in. above the tops the floor- 
beams, and are held about in. away from them the use metal 
plates, order allow cinders blown off the floor-beams 
passing trains. 

Wooden guards are not used, the modern steel-car construction, 
with drop doors, has forced their location below plane through the 
top the rails within ft. the center the track, thereby defeating 
the object their use. The spacing the ties, formerly secured 
indifferent manner dapping the guard-rails ties, 
plished much more effectively the block spacers used. 

All the ties and the spacing blocks, oak and pine, respectively, have 
been treated chemically immersion open tank Carbolineum 
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Avenarius heated temperature 260° Fahr. The construction 
the deck shown Plate 1X. All track rails are supported 
double-shoulder tie-plates secured the ties screw-spikes, shown 
Figs. and special expansion joints are used the rails. 

The bridge expansion provision amounts about in. the 
points and total in. the ends the suspended span. 

The rails are ft. long. The standard rail splices used allow 
extreme movement in. each rail joint, which amount 
cient accommodate temperature change 140° Fahr. The rails 
were given the proper spacing when laid, with the assumption that the 
temperature would vary from 20° below 120° above zero. The rails 
were then immediately secured the floor over the “fixed” points 
the bridge, and, the shore side the abutment, the tracks 
approaching the bridge, the use efficient anti-creeping devices, 
shown Fig. Between these fixed points the rails are free 
travel the tie-plates. All spikes the vicinity the joints are 
located that they will not interfere with the free travel the rails, 
the assumption being that both the rails and the bridge are provided 
with sufficient freedom expand and contract between these fixed 
points, the rails distributed expansion points, and the bridge one 
two located points; and that the two movements will adjusted 
the rails moving between the fixed points the tie-plates. anti- 
creeping devices are used the suspended span. 


Considerable wind stresses have taken care the anchor 
masonry the points, where, under the passage each train, the 
vertical reactions are zero, and the normal reactions under dead loads 
alone are not great. For these reasons, was decided transfer the 
wind stresses the anchor masonry using wind buffers built into 
the masonry and securely anchored it. These buffers engage with the 
bridge between brackets attached the bottom the end floor-beams, 
bearing plates manganese-bronze being used between the buffers 
and the brackets. These buffers allow freedom motion the bridge, 
longitudinally and vertically, but resist all side motion. 

The wind bracing, commencing these continuous 
between the upper well the lower chords the U,, point the 
upper system and the L,, point the lower, where engages the 
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portal strut the suspended span and its end floor-beam, respectively, 
their middle points, pins and castings sliding between bronze 
plates the strut, between the brackets the end floor-beam. The 
wind bracing the suspended span complete between these sup- 
porting points its ends. All wind bracing stiff throughout. 


AND 


The falsework was designed support heavy concentrations load 
under the anchor arms, making double bents necessary under the main 
panel points, and was built pile foundations, the piles being driven 
refusal steam hammer. settlements occurred the false- 
work during erection. 

The work erection was handled very efficiently and expeditiously 
the contractor. outside gantry traveler was used for all material 
erected the falsework; this included the fixed span, the anchor arms, 
and sufficient portion the cantilever arms beyond the main piers 
allow the erection the main towers, the inclined posts, and the first 
two-panel section the lower chords the cantilever arms, shown 
Figs. and Plate and Fig. Plate XI. The remaining por- 
tions the cantilever arms and the suspended span were erected with 
creeper traveler (as shown Fig. Plate XI, and Figs. and 
Plate XII), traveling derrick, attached the top-chord panel 
points when operation, and moved ahead ways attached the 
same points, which points were designed serve this purpose. 

The creeper traveler was very complete all its details, its weight 
was counterbalanced while moving from panel panel, and was 
handled with great certainty and promptness. The erection was com- 
menced the south Monaca abutment placing the anchor eye- 
bars and the steel castings. The floor-beams and stringers were 
then put place receive the material tracks. This work was con- 
tinued the point, where the cast-steel tower-post bearings and 
rollers were put place. 

The stubs” were then put position the cast-steel bearings. 
These stubs consisted the lower sections the posts, with 
sections the lower chords and the panel point, with all its plates 
and angles shop-riveted. This work was done with the gantry traveler. 
The traveler was then moved toward the abutment, setting the lower- 
chord sections, and attaching them the floor-beams they were put 
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place. This being completed the point, the erection the 
trusses was commenced the same point, and the work was finished 
the traveler was moved from point point the main-tower posts, 
where was placed practically central position over the pier. 
this position the towers were erected, the upper sections and the U,, 
posts being put place stiff-leg derricks placed top the 
gantry traveler. With the derricks this position, the towers were 
completed, the upper chords and the first double-panel sections the 
cantilever arm were put place, and all connections for extending the 
cantilever arm were coupled the completed and U,, points. These 
derricks were then used erecting the creeper traveler place the 
completed top chords between the U,, and U,, points. The gantry traveler 
was practically built the structure the tower sections were com- 
pleted through it, making necessary take the traveler down 
order remove it. When this was done, the traveler was moved the 
Beaver end the bridge, and used the erection the 370-ft. fixed 
span, shown Fig. Plate XIII, after which was moved 
forward and used the Beaver anchor arm erection, the same 
the Monaca end. 

The material erected the gantry traveler was delivered 
that erected the creeper traveler was delivered barges the 
river (Fig. Plate XIII), and hoisted directly from them. The 
material was loaded the barges the contractors’ bridge plant, 
Rankin, Pa., about miles above the bridge site. 

The adjusting device used during erection, making the final 
connections between the two halves the suspended span, consisted 
wedges operated large screws the bottom chords the L,, 
points, and toggle joints the top chords, also operated screws. 
These wedges and toggles were set that each half the suspended 
span was erected and held position little forward and upward 
from its final location, making the distance between the erected ends 
the top chords each side the center the bridge little 
excess the length the closure section. The bottom chord points 
were little closer together than their final position, which allowed the 
eye-bars coupled and the pins driven with the center panel point 
little below the line the bottom chords. After the closure sections 
the top chords were position, the bottom chords connected up, and 
the web members secured place, the wedges and the toggles were 
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operated, and, the two parts the suspended span came into 
position, the chord splices were connected, thereby completing the span 
This closure shown Plate XIV. 

The mode erecting the bridge, and the devices, derricks, and 
tools necessary for erection and adjustment, also the detail the 
falsework under the anchor arms and the fixed span were left the 
choice the contractor, subject the approval the Railroad Com- 
pany their general sufficiency and strength. 


Steel anchors 399 368 
Trusses, floors, and skid girders.... 31441211 
Cast-steel work, including main- 
tower rollers 526211 


366 790 lb. 184 tons. 


The 370-ft. fixed span included the foregoing figures weighs 
tons, and the suspended span, also included the total, weighs 
1596 tons. The dead load the wooden deck and rails amounts 
900 tons. 


After the completion the bridge, and before was put service, 
special loading was placed order develop stresses the 
anchor eye-bars excess the working loads, and thereby allow the 
tension these eye-bars. For this purpose, eight locomotives and 
twenty loaded cars were made two trains, one for each track, each 
consisting five cars, four locomotives, and five cars, weighing 
follows, for each track: 


749 100 
1344000 


These trains were placed side side, with the forward ends 
the tower pier adjacent the anchorage adjusted, the trains 
being entirely the cantilever arm and the suspended span. 

Elevations were taken each floor-beam before, during, and after 
the application the load, and the “travel” the U,, point was noted 
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using transit plumb down the masonry from that point. The 
details the measurements are given Table 


TABLE 2.—ELEVATIONS FLOOR-BEAMS OHIO RIVER BRIDGE 


West SIDE. East 


read. Before During Differ- Before During Differ- 


SPAN (LOAD CANTILEVER ARM AND 
SUSPENDED SPAN). 


756.176 756.245 -06 163 56. 
756.416 755.986 756.412 755. 0.459 


SPAN (LOAD SOUTH CANTILEVER ARM AND 
SUSPENDED SPAN). 


16. 


SPAN (LOAD ANCHOR SPAN). 


—0.060 
56. 
0.005 756. 756 .460 


Sal Sal Sal Se 


Top North Tow moved ft. under load. 


The the bridge and the movement the U,, points 
corresponded almost exactly with the estimated amounts. The rollers 
the point also responded the deflection the lower 
the rates the radius the roller bearing the height the tower. 

Under the auspices Mr. Howard, Standards, 
Washington, C., extensive measurements are being made with in- 
struments precision between points drilled the material. These 
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756 
756 
—0.001 755.675 
—0.052 756.170 
756.448 
756.485 
—0.006 756.407 
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RAILROAD CANTILEVER BRIDGE BEAVER, PA. 
points are approximately in. apart, and measurements were made 
while the members were under stress before erection. Similar 
measurements are being made now—after erection—to determine, 
the variations length between the holes, the amount dead-load 
stress the members. These measurements are precise enough 
determine variations from 150 200 lb. per sq. in., and hoped 
that complete report them will made the Bureau 
Standards the near future. this method has been determined 
that the dead-load stresses actually existing the lower vhords 
each side the main-tower posts are, average, lb. for the 
L,-L,, members and 5700 lb. for the members, and that the 
total stresses under the live loading noted amounted 10000 per 
sq. in. the same members. 

This bridge was constructed for The Pittsburg and Lake Erie 
Railroad Company, Colonel Schoonmaker, Vice-President, 
Atwood, Am. E., Chief Engineer, Raymer, Am. 
E., Assistant Chief Engineer, and Albert Lucius, Am. 
E., Consulting Bridge Engineer and Inspector. 

was built the McClintic-Marshall Construction Company, 
Pittsburg, Pa., Paul Am. Soc. E., Chief Engineer, and 
was completed May, 1910. 

The writer under obligations Messrs. Lucius and for 
valuable assistance the preparation this paper. 
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PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


DAMS SAND FOUNDATIONS: 
SOME PRINCIPLES INVOLVED THEIR DESIGN, 
AND THE LAW GOVERNING THE DEPTH 
PENETRATION REQUIRED 
FOR SHEET-PILING. 


All textbooks the subject dams which the writer has had 
occasion examine emphatically discourage the idea attempting 
construct permanent dams any kind foundation other than solid 
rock bottom, although most them contain one more illustrations 
the types which are generally designed for construction alluvial 
soils, such firm beds clay, deep strata cemented gravel 
(commonly called sand, provided the conditions 
are such permit the construction curtain, cut-off wall, 
penetrate firm stratum denser material. 

The frequent failures sheet-pile dams, the “bottomless” sand 
beds Western streams, have served merely the basis for warnings, 
and not incentives study and investigation, the part the 
authors the standard books the subject dams, which the 
practising engineer consults for information and precedents. 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting, 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published Transactions. 


Many crude brush and log dams were constructed, and maintained 
successfully for long periods years, these “bottomless” sand 
beds, practical and resourceful pioneers who had theories 
precedents other than the example the beaver. 

The operations British engineers contending with sand, during 
the construction the large Government irrigation works India, 
furnish some expensive precedents for the expenditure unlimited 
funds; but, our pioneer Western irrigation surveyors were confronted 
with the problem coping with streams having apparently bottomless 
beds shifting sands, with funds which were generally limited 
the few dollars which the pioneer settlers could borrow their 
personal characters and future prospects, because their “desert” home- 
steads, which now rank among the finest farms the country, were 
those times practically worthless collateral security. 

The writer has spent most his life the sandy regions the 
West, and has had occasion seek information practical methods 
dealing with treacherous sand, young engineer whose ambitions 
were involved the successful solution such problems; therefore 
after several years professional familiarity with it, the term, “quick- 
sand,” has less terror for him than ordinarily arouses. 

The following paper submitted for the consideration those who 
have occasion deal with such problems, not the sense establish- 
ing authoritative rules, but with the hope arousing discussion, from 
which may the writer’s privilege learn things which have not 
been brought out his own experience. 

Seepage, Percolation, and the Movement Underground Waters.— 
The velocities flow which seepage, percolation, the 
forced flow water through sand, gravel, clay, loam, other pervious 
materials, are affected coefficients capillary attraction and fric- 
tional resistance. 

The effects these forces are co-existent, but not identical, and 
they vary inversely the sizes and proportion the interstices 
between the particles the alluvium. fine clay, therefore, 
which the interstices are infinitesimal size, almost impossible 
force appreciable flow water through thickness few feet. 
water finds passage, however, through any point variable density, 
any fissure shrinkage crack, barely appreciable trickle, under 
pressure, will rapidly disintegrate and abrade the clay, and, the 
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stream thus increases volume, will quickly undermine destroy 
any structure which may dependent the density the clay for 
its stability. 

the case sand gravel, with relatively large interstices, the 
friction and attraction offer less resistance, and 
therefore water may forced through them with appreciable 
velocity flow. 

any alluvial soil contact with, subject the pressure of, 
water, movement water through inevitable, whether the 
infinitesimal progress seepage through fine clay, percolation through 
sand, the flow through embankment broken stone, the rush 
water through the crevices and open spaces between large boulders, 
the safe, permissible velocity flow must confined that which the 


material will stand without the movement, displacement, abrasion 


the particles which compose it. 

Turneaure and Russell* refer numerous experiments which have 
been carried out various times determine the velocity which 
water will flow through sands and gravels different grades fine- 
ness. These experiments were made for various purposes, such 
determine the dimensions sand filters, the probable supply water 
from wells, ete. 

D’Arcy, Hagen, Hazen, and others, found that for grades sand 
varying from very fine sand fine gravel, the velocity flow closely 
followed the law flow through capillary tubes. 

considering the flow seepage, ground-waters, are not 
concerned refinements experimental data which indicate the 
influence temperature the rate flow; therefore, after eliminat- 
ing these, the result the experiments the following formula: 

8200 

which the velocity flow, feet per day; 

the effective size the sand grains (varying from 
0.1 mm., which very fine sand, mm., which 
fine gravel); and 


the slope the ground-water surface (hydraulic 


gradient). 


According this formula, the velocity flow ground-water, 
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through fine sand having effective size grains 0.1 mm. and 
general slope ground-water surface ft. per mile (hydraulic 
gradient 0.001), would be: 

8200 d?s 8200 0.01 0.001 0.082 ft. per day. 

The velocity flow through gravel having effective diameter 
grains mm. and general slope water surface approximately 
ft. per mile (hydraulic gradient 0.01) this formula would be: 

approximately 0.0085 ft. per sec. 

The Report the Massachusetts State Board Health for 1902 
contains the results series experiments determine the veloci- 
ties flow water which possible obtain through screened 
gravel, various grades fineness, assuming 40% porosity. These 
results are shown Table 


EFFECTIVE SIZE, IN MILLIMETERS. 


From examination the figures Table becomes evident 
that all the foregoing experimental data are, best, only rough 
approximations. The formula: 200 which was determined 
from experiments with various grades sand, gives much larger 
results than the quantities Table for screened gravel. 
modify the formula produce the results given that table 
would involve variation the coefficient (8200) between 
0.01). 

For many years the water supply the Citizens Water Company, 
Denver, was secured from about mile timber crib, in. 
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square section, and about mile perforated 30-in. pipe, both 
submerged the sands the Platte River depths varying from 
ft. The timber crib was open the bottom, that, with 
the openings the cribbing, perhaps one-half its superficial area 
was open for the inflow water, while, for the pipe line, the net area 
the perforations would probably bear much smaller ratio the 
circumferential area the pipe. may assumed, therefore, that 
the miles combined crib and pipe line the total area inlet 
openings would approximate 25% the surface area exposed 
contact with the water-bearing sand, thus affording total net area 
inlet openings 26000 sq. ft. The water was led away through 
pipes, natural flow, and the supply thus secured was between 400 000 
and 450000 cu. ft. per day, which equivalent cu. ft. per day 
per square foot inlet opening, velocity inflow 0.00015 ft. 
per 

Being submerged under the bed the river depths varying from 
ft., these cribs are entirely surrounded water-bearing sand; 
therefore, the water may approach radially from every direction, 
must assumed that the maximum velocity flow through the sand 
less than one-fourth the velocity inflow through the perfora- 
tions and openings. 

Assuming average head ft. acting these cribs, the 
spouting velocity water entering the pipe through one the 
perforations from free body water under the pressure due 
16-ft. head would ft. per while the actual 
average velocity inflow only such rate. 

All formulas for the velocity flow water, under special condi- 
tions, are modifications with coefficients introduced 
provide for the special conditions frictional resistances encoun- 
tered. working backward from the results indicated above, 
determine the special coefficient which must applied the formula 
adapt this special case, obtain the following: 


0.00004 


The lack harmony the results indicated all the foregoing 


data makes impractical devise even approximate formula for 
the determination the magnitude the force produced the flow 
seepage water under line sheet-piling. Even were possible 
determine the relative effects frictional resistance and capillary 


Eb. 


Papers. DAMS SAND FOUNDATIONS 


attraction the flow water through interstices such infinite 
variety afforded the range materials from fine clay 
large boulders, such refinements calculation would 
have very little practical value for this purpose, account the 
uncertainties which attend the determination the variations 
actual conditions met. 

Causes Failure Sheet-Pile Dams.—Failures sheet-pile dams 
have generally occurred those the spillway overflow type, which 
are commonly called diversion weirs. The seepage water which finds 
its way under line sheet-piling tends buoy the particles 
sand the down-stream side, while the surface the river bed 
frequently subjected variable degree scouring action from the 
current water which spills over the crest. These two forces com- 
bined move the finer particles sand first, then, the interstices 
the sand gradually increase size, the upward flow seepage 
water increases, both force and volume, and the destruction the 
dam progress. 

customary with many engineers make the length sheet- 
piling such that the depth penetration below the bed the stream 
will approximately equal the head water impounded 
the dam weir, and likely that many the failures such 
structures, which have been attributed “unknown” causes, were 
due the inadequacy the cut-off wall under the structure—more 
often, however, account carelessness driving and faulty 
alignment than from insufficient depth penetration. 

Length Sheet-Piling attraction and sur- 
face friction, the interstices between the grains, are forces such 
magnitude retarding the velocity seepage flow through sand, 
other pervious materials, that, with reasonable depth penetration 
curtain-wall sheet-piling, the direct pressure which may result 
from any reasonable head water impounded the dam cannot 
produce velocity seepage flow sufficiently rapid move the fine 
particles sand without the added force the overflow current flow- 
ing the surface the river bed; therefore, designing the dam 
diversion weir, adequate provision must made counteract the 
effects both these forces. 


Assuming that the force capillary attraction effectively resists 
the pressure head the impounded water, its natural function 


7 
q j 


producing acceleration seepage flow, then the body sand the 
down-stream side may considered mass which held together 
the force capillary attraction, and that the pressure due the 
head water the up-stream side passes under the line sheet- 
piling and acts wedge-shaped mass sand the down-stream 
side. 

The hydrostatic pressure the bottom the sheet-piling exerted 
equally all directions, but, are here concerned only with the force 
which acts upward direction. The tendency this force 
buoy the mass sand resisted the excess weight, specific 
gravity, the solid particles which compose the body sand, after 
deducting the percentage voids which are taken the water. 


Let Maximum head water -up-stream side, 
Depth penetration for sheet-piling, 
Specific gravity material penetrated, 

For average sand, 2.65 and 0.40 0.6. 


= 2.65 X06 = 1.59 =: 0.629 h, which is the theo- 


retic penetration. 


This equation provides for the depth penetration which the 
excess hydrostatic pressure the up-stream side 
counterbalanced the specific gravity the depth material the 
down-stream side, sand such size and porosity that the combined 
effect friction and capillary attraction maximum. 

length sheet-piling which provides for depth penetration 
equal the maximum head flood-stage, therefore, involves factor 
safety only 1.59 (with tight wall sheet-piling perfect 
alignment) applied the theoretic minimum. This manifestly 
inadequate for such variable and uncertain conditions are likely 
encountered. 

Where the workmanship, alignment, and depth penetration 
curtain-wall sheet-piling are such ensure that there will 
marked “leakage” flow through openings, places variable density, 
silt and matter carried suspension the current the stream will 
settle the quiet pool water impounded the dam, and gradually 
seal the interstices the sand, until the bed the stream becomes 
practically impervious. This has been thoroughly demonstrated 


irrigation canals constructed sandy soil, and the fact that the 
graded sands used the filter beds many our larger cities require 
frequent renewal, removal, for the purpose washing out such 
accumulations, order that even the customary slow rate percola- 
tion may maintained. 

material, other than solid bed-rock, offers more secure support 
than sand which properly confined; therefore, make serve 
safe foundation for permanent dam entirely problem making 
adequate provision against the only disturbing element—a current 
flowing water. 

For dams which are constructed sand foundation, and 
embody the special features construction recommended subse- 
quent part this paper, the writer suggests the following empiri- 
cal rules: 


Equation (III) uses the proportion excess weight, due the 
provides factor safety 2.5 under normal conditions low 
head, and, the velocity seepage flow through sand probably varies 
some function the square root the head, the factor safety 
correspondingly increased for higher heads. 

Special Features horizontal distance through 
which seepage water must flow, after passing under line sheet- 
piling, before reaches outlet the surface, important 
element retarding its force such extent that there will 
erosion, movement, the sand composing the surface the river 
bed. especially important below spillways, dams the over- 
fall type, where the velocity current from the overflow the dam 
may already such that erosion the finer particles sand takes 
place; therefore, the added impetus upward percolation would pro- 
duce dangerous condition erosion and the inevitable destruction 
the dam. 

apron below dam serves, not only resist the shock 
abrasion falling water, but also seal the bed the stream, 
that the seepage water which finds its way under the curtain-wall 
sheet-piling, must flow diagonally upward beyond the limits the 
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apron before issuing. The width such apron, therefore, 


important element fixing the practical factor safety the 
structure, and should not overlooked. 

Aprons for spillways, diversion weirs, and dams the overfall 
shocks falling water, ice, and débris. Such water-cushion should 
have depth equal preferably one-third, the 
total height overfall, and down-stream width not less than 
times the total height overfall, with the outer edge forming 
apron, sloping upward, and extending down stream for distance 
not less than times the length sheet-piling used the main 
curtain-wall, ending with, and supported on, secondary line sheet- 
piling from one-third one-half the depth penetration the 
curtain-wall. 

special feature construction, which provides for considerable 
economy the quantity concrete required for wide apron, and, 
the same time, provides greater element safety against the force 
seepage flow than solid concrete apron the dimensions stated 
above, illustrated Fig. 


The submerged apron should constructed the form 
trough, with depth not less than one-fourth, and down-stream 
width times the height the overfall, and the outer edge 
should finished off at, slightly below, the elevation the bed 
the stream. point down stream, distance about twice the 
length the main sheet-piling used (or times the head), there 
should driven second cut-off wall tight sheet-piling with 
depth penetration about one-half that the main curtain-wall, 
parallel the line the dam, support substantial concrete curb 
which should finished off the elevation the bed the stream. 

The writer wishes emphasize the statement that: One the 
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most serious problems involved the design and construction 
dams for rivers with beds shifting sands that providing 
adequate protection against dangerous erosion the river bed for 
some distance below the dam, where the erosive action the current 
dangerously magnified reason the upward force of. seepage 
flow, under the variable hydrostatic pressure communicated from the 
head water impounded the upper side the dam. 

the design suggested Fig. the open space between the edge 
the trough forming the water-cushion and the concrete curb sup- 
ported the secondary line sheet-piling provides open space 
for the escape the seepage flow which finds its way under the curtain- 
wall, while the concrete curb prevents the erosion and removal 
the sand, which, this confined section the river bed, subject 
the combined forces upward and horizontal currents. 

The approximate general dimensions suggested apply low dams 
the diversion-weir class, such are used divert water from wide 
and shallow streams for purposes irrigation and power; and the 
importance careful and conscientious workmanship every detail 
construction sand self-evident that special mention seems 

Every dam diversion weir should designed accordance with 
the practical demands the exact local conditions which prevail. 
This involves modifications any set general rules, especially for 
higher heads, that is, for dams which, sandy rivers, will raise the 
level the water more than ft. For low dams there 
variety shapes, cross-sections, from which to. choose; but, for 
higher heads, economy the matter the materials involved narrows 
down the choice the direction the curved ogee form cross- 
section. 

Under the general rules previously stated, dam which designed 
raise the level the water ft., river having bed sand 
unlimited depth, would require curtain-wall sheet-piling hav- 
ing depth penetration not less than ft. below the bed the 
stream, the minimum. dam this height would probably 
designed with ogee form curved cross-section. The impractica- 
bility driving line wooden sheet-piling such depth sand 
and gravel, and the expense providing curtain-wall steel sheet- 


piling such lengths, would suggest careful analysis modifica- 
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tions, for the possibility eliminating portion such construc- 
tion without impairing its stability and permanence. 

Ample assurance safety could attained using line 
steel sheet-piling such length provide depth penetra- 
tion ft. under the up-stream side the dam, and secondary 
line sheet-piling with depth penetration about ft. under 
the extreme toe, which should curved form trough 
depth about ft. below the bed the river, for water-cushion. 
Then, point about 200 250 ft. down stream, construct smaller 
dam, about ft. height, with line main sheet-piling 
having depth penetration ft., and embodying all other 
features design accordance with the special features outlined 
this paper, back the water against the main dam for proper 
depth water-cushion. The seepage flow, which would probably find 
its way under the main dam considerable quantities, would issue 
from the section confined river bed between the two dams, where 
the depth and length the water-cushion thus provided prevents the 
removal any sand, because, even during periods storm flow, the 
violent abrasive force the flood passing over the dam would 
effectually broken the extra depth water-cushion which 
provided the concrete trough the toe the dam. 

sand, there involved the consideration the hydrostatic pressure 
against the under side the dam. 

The calculations for the cross-section masonry dam founded 
bed-rock are based the assumption absolutely water-tight 
contact between the footings and the bed-rock, therefore the entire 
cross-sectional weight the dam may used the 
moment resistance overturning. 

dam such proportions that the resultant forces passes 
close the toe, the effect water working its way under the foot- 
ings points defective contact, through defective joints the 
lower courses masonry, might produce change the direction 
the resultant such that would pass outside the toe. That 
section the dam would then unstable equilibrium, and, unless 
restrained other forces, would overturn. 


considering the forces which may act dam resting 
sand, saturation the foundation, with upward hydrostatic pressure, 
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accepted fact, and, therefore, must considered definite 
element the calculations. 

stated previously, the combined effect friction and capillary 
attraction offers such marked resistance the flow water through 
sand that the velocity which results from any head, inclination 
surface, infinitesimal, comparison with the velocity which 
would result under similar conditions head body free water 
flowing open channel, through pipe. The transmission 
hydrostatic pressure through similar medium similarly resisted, 
slight degree, will shown. 

The removal the soil above stratum dense clay, which 
turn overlies stratum water-bearing sand gravel under Artesian 
pressure, will disclose moist degree saturation the clay such 
that water will accumulate small pockets, sumps, which may 
bored dug shallow depths ft. into the clay. The 
seepage flow which thus indicated absorbed the soil above 
capillary attraction, and evaporated from the surface; however, 
hydrostatic pressure, measurable magnitude, would exerted 
against the footing any structure resting such stratum 
clay. 

pressure directly proportional the head water, 
and time not factor determining its magnitude, hence the 
coefficient friction becomes zero. Clay contains relatively large 
proportion voids infinitesimal size, and, while high head 
water pressing against the under side stratum clay which 
confined between two porous strata would undoubtedly transmit 
hydrostatic pressure measurable magnitude through such stratum 
clay, evident that, under moderate heads, the force capillary 
attraction (in interstices such infinitesimal size that they would 
almost warrant assumption molecular friction), sufficient 
magnitude counteract and practically nullify the effect hydro- 
static pressure. 

may concluded, therefore, that the force with which hydro- 
static pressure transmitted through alluvial soils modified 
coefficient which varies the square, cube, perhaps “nth” power 
the effective size the interstices, or, inversely such function 
the effective size the grains. 

For the practical purposes this paper, the probable existence 
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such coefficient may disregarded, because, for the interstices 
the sizes which are ordinarily found sand 40% porosity, its 
probable value becomes small negligible. 

The hydrostatic pressure against the under side any dam the 
type and general dimensions illustrated Figs. and governed 
the head water the down-stream side the dam, because 
the pressure which transmitted under the curtain-wall sheet- 
piling, from the head water above the dam, afforded lateral outlet, 
therefore its intensity limited the depth resistance, head, 
opposing such outlet the down-stream side. 

The uplift per square foot surface against the base 
dam the type and general proportions recommended this 
paper, therefore, will vary between and 40% that which would 
result from the head water the up-stream side. 


River Bed! 


Fig. illustrates the general proportions the spillway section 
the type discussed herein, with all dimensions given 
terms the height the crest above the bed the river, and 
assuming length spillway such that the maximum height 


overflow will not exceed 
v 


The resultant, which obtained when the calculated weight the 
section concrete reduced the total amount hydrostatic 
uplift due down-stream head 0.3 intersects the base prac- 
tically the center, shown the solid line. would 
indicate that the design may modified involve less concrete, 
but, the quantity thus saved, the total cost low dam, 
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will not outweigh the desirability such factor stability 
structure this class. 

The dotted line indicates the resultant which would obtained 
the weight the concrete were reduced amount equal 
the full hydrostatic uplift which would result from head equal 
the maximum up-stream head 1.3 This resultant intersects 
the base outside the middle third, but well within the toe. 

The sloping portion the top the dam, the up-stream side 
the crest, desirable facilitate the passage ice and floating 
débris over the crest, and reduce the moment ice thrust during 
periods extreme cold when the entire flow the stream may 
diverted for power purposes. 


GRAVITY DAM 
REINFORCED CONCRETE. 


Any increase the width the base, with the additional material 
the up-stream side the dam, lengthen the inclined 
portion, affects the moment stability the structure, the prin- 
ciple the well-known “gravity” type dam. 

Dams constructed alluvial foundations should designed 
with the maximum width base which consistent with economy; 
therefore, the gravity type dam, constructed reinforced concrete, 
especially adapted the requirements. 

low wooden structures the gravity type, there danger 
that they may float during period storm-flow such depth 
that the gravity head, which such dams depend for their stability, 
may destroyed. the use reinforced concrete, however, this 
source danger may eliminated. 

Figs. and indicate two variations design for gravity dams 
reinforced concrete which permit removing the forms and filling 
the compartments with sand other heavy material, order 
give additional weight the structures, or, suitable air vents 


Sand filling 
4 


are provided, the compartments may allowed become filled with 
water. 

From the simple inclined platform the large hollow structures 
the Ambursen type, the gravity dam reinforced concrete offers 


GRAVITY DAM 
REINFORCED 


Compartment filled with sand 
or othor material, as desired. 


sufficiently wide range variation meet the requirements 
almost any locality, any individuality taste engineering 
design. 
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DISCUSSION EXPERIMENTS RETAINING 
WALLS, AND PRESSURES TUNNELS.* 


The most extended experiments relating retaining walls are 
those pertaining retaining walls proper and the more elaborate ones 
small rotating retaining boards. The results referring the 
former agree fairly well with rational theory, especially when the 
walls are several feet height; but with the latter, many dis- 
crepancies occur, for which, hitherto, explanation has been offered. 

will the main object this paper show that the results 
these experiments small retaining boards can harmonized with 
theory including the influence cohesion, which neglected 
deducing practical formulas. will found that the influence 
cohesion marked, because the small size the boards. This 
information should prove value future experimenters, for will 
shown that, the height the board wall increases, the influence 
cohesion becomes less and less, that (for the usual dry sand 
filling) for heights, say, from can neglected 
altogether. 

The result the investigation will then give the practical 
constructor more confidence the theory the sliding prism, which 
serves the basis the methods follow. 


This paper will not presented any meeting, but written communications the 
subject are invited for publication with Transactions. 
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As, the course this investigation, certain well-known con- 
structions for ascertaining the pressure any granular material 
against retaining walls will needed, well group them here. 
The various figures are supposed represent sections right angles 
the inner faces the walls with their backings granular material. 
the surcharged wall, Fig. produce the inner face the wall 
meet the surface the surcharge desired find the 
thrust against the plane, for lin. ft. the wall. Draw 
through the foot the wall, making the angle repose, the 
earth with the horizontal and meeting the upper surface Since 
any possible prism rupture, FACR, tending move down- 
ward, develops friction against both surfaces, and AF, the earth 
thrust the wall will make angle, ¢’, with the normal AF, 
where the angle friction the earth the wall. the earth 
settles more than the wall, this fric- 
tion will always exerted. Again, 
the wall, from its elasticity and 
that the foundation, will tend 
move over the top account 
the earth thrust, the earth, with its 
frictional grip the wall, will tend 
prevent this, that the friction 
exerted downward either case, and the direction the earth thrust, 

However, thin slice earth will move with the wall, 
and the rubbing will that earth earth, that this case 
must replaced This rule will apply all cases that follow, 
without further remark, wherever mentioned. 

Now draw Ay, making the angle, with AF, shown; then 
draw parallel AR, the intersection, with produced. 

Since theory gives the relation: \/AD AO, two construc- 
tions follow, geometry, for locating the point, the first, 
laid off equal the chord, AM. the second construction, semi- 


drawn, limited the perpendicular radius, and finally laid off 
equal Az. 
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The point, having been thus found either construction, draw 
rupture. laying off and dropping the perpendicular, CH, 
where the weight cubic unit the earth; otherwise, the value 
given times the area the shaded triangle, the 
dimensions are feet, and pounds per cubic foot, the thrust, 
will given pounds. 

Figs. and the retaining boards, AB, are vertical, and 
drawn, making the angle, with the vertical, AB. The 
upper surface the earth BD, and the constructions for locating 
and are the same for Fig. AC, all the figures, represents 
the plane rupture.* all cases, the earth thrust found above 


supposed make the angle, (as shown) with the normal the 
inner wall surface. 


the Rankine theory, pertaining, say, Fig. the earth thrust 
vertical plane, AB, always taken acting parallel the top 
slope. This is- true for the pressure vertical plane the 
interior mass earth indefinite extent, but not true 
generally for the pressure against retaining wall. Thus, when BD, 
Fig. horizontal, Rankine’s thrust would taken hori- 
zontal, which entirely ignores the friction the earth the wall. 
The two theories agree when and slopes the angle 
repose, which case, parallel AJ, there intersection, 
laid off from any point BD, drawing parallel BO, ete. 
approaches the natural slope, the point, recedes indefinitely 


The writer refers his Retaining Van Nostrand’s Science Series. No. 
for the demonstrations pertaining the above constructions, and the derivations 
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the right, and seen that the plane rupture, AC, approaches 
indefinitely the line, AD, the natural slope. This limiting case, 
account the excessive thrust corresponding, will examined 
more carefully the sequel. 

the height the wall, AB, feet, and the weight 
foot earth, pounds, then when and the surface 
BD, Fig. slopes the angle repose, the earth thrust, pounds, 
given the equation: 


If, however, not equal then directed the angle, 
the normal the wall, and the thrust is: 

The foregoing constructions, and the corresponding equations, are 
all derived from the theory the sliding prism. The wedge, BAC, 
Figs. and treated invariable solid, tending slide down 
the two faces, and AC, once, thus developing the full friction 
that can exerted these faces. the case actual rotation 
the board, AB, found experiment that each particle earth 
the prism, BAC, moves parallel AC, each layer parallel 
moving over the layer just beneath it. 

similar motion observed the board, AB, moved hori- 
zontally the left. However, the first case (of rotation) the 
particles not move all, whereas the second (of sliding 
motion) the particles about move, rubbing over the floor, which thus 
resists the motion friction. thrust, thus recorded springs 
other device, the case where the wall moves horizontally, would 
give undervaluation the lower part and consequently the 
computed center pressure would too high. that 
account, only the experiments rotating boards will considered 
this paper. 

The theory the sliding wedge, however, justified, because 
motion either kind actually supposed. The wedge, BAC, sup- 
posed just the point motion, being equilibrium under 
the action its weight, the normal components the reactions the 
wall, and the plane, AC, and all the friction that can exerted along 


and AC. These forces remain the same, whatever incipient motion 
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supposed. The hypothesis plane surface rupture, however, 
not exactly realized, experiment showing that the earth breaks along 
slightly curved surface convex the moving mass. For the sake 
simplicity, the theory neglects the cohesion acting, not only along 
AC, but possibly small extent along AB. This additional force 
will included certain investigations given later. 

These preliminary observations having been disposed of, the’ results 
certain experiments retaining walls the limit stability will 
now given. 

Figs. and refer vertical rectangular walls backed 
sand, except the case Fig. where the filling was macadam 
The surface the filling was horizontal each case. 


give briefly detail the quantities pertaining each wall, the 
following symbols will used: 


weight filling, per foot; 
weight wall, per cubic foot; 


distance from center pressure the plane the base 
the outer toe, divided using the theory that 
rationally includes the whole the wall friction; 

the same, according the Rankine theory. 


and are positive when the resultant the base strikes within 
the base, otherwise they are negative. 

Fig. represents Lieutenant Hope’s wall bricks laid wet sand: 
ft. long, and was backed earth level with its top. 0.04, 
0.58. The overhang, the moment failure, was probably 


4in. Including this, 0.02. 


a 
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Fig. shows Baker’s wall pitch-pine blocks, backed macadam 
screenings, the level surface which was 0.25 ft. below the top 
the assumed angle friction timber stone, 0.06, 
0.55. 

Trautwine’s experimental wall shown Fig. Only the ratio 
base height, 0.35, was given by.the author, but Trautwine, 
Jr., Assoc. Am. Soc. E., assures the writer that the walls were 
probably in. height, though certain notes refer walls varying 

The wall Curie, Fig. was wood coated the back sand, 


w 


These walls were all the limit 
stability, and the first two are appreci- 
able height, ft. and ft., respectively. 

The figures show that the theory, in- 
cluding the whole the wall friction, 
agrees fairly well with experiment, but 
that the Rankine theory does not thus 
agree. both theories, the thrust, 
supposed act one-third the height 
from the base the wall the surface 
the filling; but, the Rankine theory, this thrust assumed act 
horizontally, whereas, the other theory, supposed act 
direction making the angle, ¢’, below the normal the wall. 

combining the thrusts with the weight the wall, usual, 
the resultant strikes the base produced, the first case (Rankine 
theory), but the second case. Figs. present striking 
object lesson the inaccuracy the Rankine method treating 
experimental retaining walls. 


the next experiments, however, referring retaining structure 
consisting two boards, hinged the top, Fig. and backed sand 
level the top, the Rankine theory applicable when the board, AB, 
placed either below the plane rupture, the left AD. 
The thrust then assumed act horizontally, above 
and combined with the weight the sand, DAB, find the 
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resultant the board. the board the plane rupture, this 
resultant will make the angle below the normal AB; hence, 
one assumes less thrust AD, especially inclined downward, the 
new resultant will make angle greater than with the 
normal AB, which inconsistent with The same reason- 
ing applies when lies below the plane rupture.t 

The retaining board, in. square, was coated with sand, that 
35° for damp sand. Hence, for horizontal thrust AD, 
the plane rupture (which bisects the angle between the vertical and 
the natural slope) makes angle 27° 30’ with the vertical. The 
board, AB, was set this angle the vertical, sand was filled level 
with the top, and was found that the structure was the limit 
stability when 0.45 the meantime, however, the sand had 
dried out, that was 33° 30’; hence, 
strictly, the construction Fig. (for 
earth level with top wall) applies; but, 
the results can only differ inappreciably, 
the thrust AD, acting horizontally, was 
computed for 33° 30’ and combined 
with the weight sand, BAD, and the 
weight structure, both acting through 
their centers gravity, find the re- 
sultant the base, AC. was found cut 0.11 its width 
from the outer toe, therefore 0.11. 

the next experiment, the angle, BAD, was 55°, 0.548 
and 33° Pursuing the same method, found that 0.02, 
the resultant the base passes practically through The third 
experiment was smaller retaining board. Here 0.2 

Fig. shown surcharged wall Curie’s, just the limit 
stability, having 2.952 ft., 0.755 ft. and the level upper 
surface the surcharge being 4.26 ft. above the top the wall. The 
surcharge extended over the wall the angle, 45°, corresponding 
damp sand. Experiment gave 35°. The wall was brick 


Portland cement. The ratio, 0.62. was found, using the 


The experiments pertaining Figs. and are due Curie. See 


Poussée des and Trois Gauthier-Villars, Paris. They are especial 
interest that they were undertaken attempt overthrow the theory advocated above. 


J 
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construction Fig. that taking the thrust, acting 1.24 ft. 
above the base, one-third the height the surface, AF, that 
0.03; and further, that acts 1.303 ft. above the base, the 
resultant the base passes exactly through the outer toe the wall. 


FiG. 10. 


the true position the center pressure surcharged wall 
has never been ascertained, far the writer knows, has made 
number constructions, after the method illustrated Fig. 
order find it. 

place making the construction for the special case above, 
was thought that the results would useful the 
natural slope was taken with base and rise and 
therefore 33° The wall, AB, Fig. 10, was taken 
vertical and ft. high. The surcharge sloped from the angle 


7,’ 
4/ 
4/ / 
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repose point, ft. above from which point the surface 
the earth was horizontal. The face the wall, AB, was divided 
into twenty equal parts, ft. each; and, the construction Fig. 
the thrusts (inclined the angle, below the normal the wall) 
were found for the successive heights wall .... 20, ft., 
respectively, taking the weight cu. ft. earth equal unity. 
The successive planes rupture are shown the dotted lines 
Fig. 10. the original scale ft. in.), the upper plane 
rupture (for height wall ft.) was found pass slightly 
the right 

subtracting successive thrusts, the thrusts each foot wall 
were obtained. These were plotted horizontal ordinates the 
center each foot division the wall, and the “peaks” were slightly 
rounded off, shown the figure. Since, with all care, mistakes 
amounting the total thrusts can easily made, was proper 
adjust the results this manner give the most probable unit 
pressures the successive divisions the wall. The centers 
pressure, for heights the wall varying from ft., were easily 
obtained taking moments about some convenient point; the results 
are given Table 

Call the height wall, measured from downward, and 
the height surcharge above the top the wall; also, let 
the ratio the distance from the foot the wall considered 
the center pressure, the height the wall. The values for 


various ratios, are given Table 


TABLE 

1.25 0.360 0.364 0.00 
2.00 0.358 1.11 0.362 0.50 

| 
maximum value for 0.364, attained and remains the same 


0.50, after which probably diminishes, because, for 


4 
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When some other flatter slope given BD, doubtless these 
values will altered, but, for the case supposed, they should prove 
serviceable practice. 

Although the earth thrusts successive portions are 
really inclined below the normal AB, they are laid off here 
right angles it, that the area, ABF, equal the total 
thrust AB. the unit pressures varied the ordinates the 
straight line, BF, for uniformly sloping earth surface, then, 


well known, The area the left gives the excess thrust 
which causes exceed 


Making use the results the table approximately applicable 
the foregoing example (Fig. 9), and taking the center pressure 
above the base, the resultant there found 


pass 0.02 outside the base, therefore This 


surcharged wall, the kind shown, particularly valuable 
being the only one which any account has been given, far 
the writer knows. 

Recurring once more Fig. 10, may recalled that some 
authors have assumed the unit pressures vary the ordinates 
trapezoid, that the unit pressure was not zero (as 
should be), but amount assumed somewhat arbitrarily. particu- 
lar, Scheffler derived this way 0.4 upper practical limit, 
and used making tables for use practice. 

remark must now added (relative all the experimental walls 
previously mentioned, except Trautwine’s), that the friction the 
backing the sides the box which the sand was contained has 
been uniformly neglected. Where the wall long, this can have 
little influence, but where the length not much greater than the 
height, the experiments, this side friction becomes appreciable. 

Darwin, well Leygue, endeavored estimate the amount the 
full thrust (with side friction) was reduced, experimenting 
with sand behind retaining board, wall, enclosed box 
usual, when partition board was placed perpendicular the wall 
and centrally the mass, and comparing results with those found 
when the partition board was omitted. Leygue thus found, for walls 
having length twice the height, that the true full thrust was 
diminished about from the side friction, for level-topped earth, 
and much 15% for the surface sloping the angle repose. 


RETAINING WALLS AND PRESSURES TUNNELS 
this true, then the experimental walls just considered would 
have thicker withstand the true actual thrust; put 
another way, for the given thickness, the theoretical thrust, including 
the side friction, would have made (as rough average) about 
for the level-topped earth and (roughly) 15% less for the 
earth sloping the angle repose. From the figures seen that 
this will modify the results but slightly, not enough alter the general 
conclusion that the theory advocated (including the wall friction) 
practically sustained the experiments, and that the Rankine theory 
not thus sustained. 

Trautwine’s wall consisted central portion uniform height, 
from which tapered the ends, the upper surface being the 
angle repose for the tapered ends. this case side friction was 
developed. The results agree general way with the others. 

the many experiments high grain bins, the enormous influence 
the friction the grain against the vertical walls sides the 
bin has been observed. fact, the greater part the weight 
grain, even when running out, sustained the walls through this 
side friction. This furnishes another argument for including wall 
friction retaining-wall design. 

connection with this subject, may observed that many 
experiments, made determine the actual lateral pressure sand 
its internal friction angle, are inconclusive, because unknown part 
the vertical pressure applied the sand the vertical cylinder 
box was sustained the sides the cylinder box. The ratio 
lateral vertical pressures, the friction angle, cannot precisely 
found until the proportion the load sustained the sides the 
containing vessel has been ascertained experimentally. The writer 
the opinion that the best experiments aid the design retain- 
ing walls are those relating the rotation retaining walls 
boards. The few given herein are the best recorded, though some 
them were models which were too small. fact, for the small 
models Leygue and others, the effect cohesion pronounced 
that some the results are very misleading. 

the experiments Leygue* were very extensive, and evi- 
dently made with great care, they will considered carefully 
what follows. 


All the experiments Leygue referred what follows may found Annales 
des Ponts Chaussées, November, 1885. 
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preliminary the discussion, however, well give the 
essentials Leygue’s experimental proof that cohesion and friction 
exist the same time. box without bottom, about in. square 
cross-section and in. high, was made into little carriage the 
addition four wheels. The latter ran the sides trough 
filled with sand which the bottom the box nearly touched. The 
box was partly filled with sand, and the trough and box were then 
inclined the angle which motion the box just began, the 
sand the box resting the sand the trough, developing fric- 
tion cohesion both, just before motion began. Only friction 
was exerted after motion began. The solution involves the theory 
the inclined plane, but, explain the principles the method, 
will suffice suppose the trough and the sand hori- 
zontal, and that the bottomless box filled with sand just the 
point moving, due horizontal force applied it. The weight 
the box and part the weight the sand held 
the friction the sides, directly supported the wheels resting 
the sides the trough; that only fraction the weight, 
the sand the box supported directly the sand the trough. 
Call this amount Then, for equilibrium, calling the horizontal 
force, less the resistance the carriage wheels, have, 


where the area the cross-section the box, 
the force cohesion per unit area, 
and the coefficient internal friction the sand.* 


The value was found weighing: For the dry sand varied 
from 0.79 0.65, for heights the sand the box varying from 
1.2 3.5 in. For the damp sand and fresh earth (slightly moistened 
and slightly rammed) which can stand with vertical face for the 
height the box, the filling was loosened many blows the box, 
and was taken equal 

Three suppositions were made: (1) that both cohesion and friction 
acted the same time before motion; (2) that friction alone acted 
0); (8) that cohesion alone acted 0). 


can suppose, here, the force the pull cord extending horizon- 
tally from the box and passing over fixed pulley, and that the free end the cord 
weight The friction the pulley and carriage wheels could found experi- 
mentally 


allowed for, that some fraction this weight would equal 
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The results for various heights sand the box are given 
Table 


TABLE 
(1) (2) (3) 
Very wet 1.7 2.00 2.40 107 226 
1.63 2.60 4.40 150 242 


The values are given kilogrammes per square meter. 
seen that suppositions (2) and (3) give discordant results, whereas 
(1), for each kind filling, gave identical values and for 
various heights; hence may fairly concluded that, before motion, 
cohesion and friction both acted the same time. the high 
values found for for the coherent fresh earth, Leygue states that 
Collin found, independent method, for clayey earth and clay 
little consistency, 113 and 193, respectively. further 
verification the values and given (1), found that, 
using them the formula for computing the height which 
the wet sand earth will stand vertically, the results agree with 
experiments. 

The values pounds per square foot, given Column (1), 
with the values corresponding the given, are follows: 


Dry sand, 1.47, 35° 
Very wet sand, 6.36, 59° 30’ 
Damp fresh earth, 18.45, 58° 28’ 


possible that the method used Leygue may prove service 
experimenters obtaining more accurately than hitherto the co- 
efficient internal friction. Increasing pressures could obtained 
adding weights top the sand the box; but, unless the total 
weight sustained friction along the sides the box determined 
carefully for each weight used, the results can have but little value. 
Further, for coherent earths, the method open. 
objections. 


‘ 
.% 


| | 
q 


RETAINING WALLS AND PRESSURES TUNNELS 


Admitting the hypothesis that cohesion and friction act the same 
time, general graphical method* will now given find the thrust 
against the inner face, AB, retaining wall board, Fig. 11, 
caused the earth, tending slide down some plane 


rupture, b,, b,, ...., the resistance along this plane being due 
both friction and cohesion. 


prism rupture, b,, for thickness one unit, The weight 
the prism causes the tendency slide along the planes, and 
AB. This tendency resisted the reactions the wall, AB, and 
the plane, b,. The reaction the wall consists the normal 
component, acting the right, and the friction resistance, 
tan. ¢’, acting up. The resultant forces, which 
equal and opposed the earth thrust AB, thus makes the angle, ¢’, 


This method extension that given Professor Eddy his treatment 
earth thrust, Researches Graphical 


of 
\ / ag 
m NI 
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A“ 3 \O7 
\ \ 4 ov 
\ SSE 3.3, 
S53 
11, 
Suppose the plane rupture, and call the weight the 
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with the normal the wall. Its direction given Fig. 11. 
b,, the normal component, acting up, and the friction, tan. 
acting along The two forces, and tan. when com- 
bined, give resultant, making angle with the normal, 
direction the resultant, 

The prism, thus equilibrium under its own weight, 
the cohesive force, acting along b,, the reaction, AB, 
acting the right, and the force, acting up. drawing, the 
and equal then parallel the intersection with s,, 
the sides the closed polygon, order, will represent the 

similar investigation pertains any other supposed prism 
rupture. find the true one, number trial planes rupture, 
one (though there can only one true one). seen above, the 
resultant the normal reaction and friction any trial plane 
rupture must inclined below the normal the plane the angle, 
lay off the directions these resultants, from any convenient 
point, say, the vertical through center, describe 
s,, with convenient radius, With the same radius and 
center, describe the arc, a,, cutting the trial planes (produced 
necessary) a,, Let the point where the line 
natural slope from cuts the are, a,. laying off the chords, 
s,, ...., equal the chords, a,, a,, ...., respectively, 
will follow that s,, make angles, below the 
normals the planes, Aa,, Aa,, ...., respectively. prove this, 
take any trial plane, which makes the angle, with 
then, because the sides the angles are perpendicular, Aa, 
proved. Hence the chord, the chord, da,, As, da,, 
stated. 

The weights, pounds, the prisms, b,, ...., are, 
perpendicular from upon Bb, (produced necessary), the foot 
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being the unit length and being the weight, pounds, 
cu. ft. earth. The prisms are supposed ft. length 
perpendicular the plane the paper. 

These weights are now laid off the scale force, vertically 
downward from points ...., and from these points, lines 
are drawn parallel Ab,, Ab,, ...., respectively, lengths 
acting upward along b,, ...., where the force cohesion, 
pounds per square foot. From the extremities these lines, lines 
are drawn parallel the direction the earth thrust (inclined 
the angle, ¢’, below the normal AB), the intersections, 
found, for this figure, that the longest these lines; 
whence c,, the scale force, measures the earth thrust against 
AB, pounds. This follows, because, for any less thrust, since 
fixed, when nc, becomes less, falls the left the first position, 
and the new gc,, representing the thrust b,, due the normal 
reaction and friction only, will make greater angle than 
the normal Ab,, which inconsistent with the laws stability 
granular mass. fact, the normal component the thrust 
the plane, b,, tan. all the friction that can exerted 
it. The resultaut and tan. thus makes angle, with 
and this angle cannot exceeded. The true thrust the wall, 
AB, thus the greatest the trial thrusts, The prism 
rupture, equilibrium under the four forces represented 
the sides the closed polygon, representing its weight; 
the cohesion acting along b,; nc,, the reaction (opposed 
and equal the earth thrust); and the reaction the plane, 
Ab,, due the normal component and friction only. The 
full reaction the plane can found combining the forces, given 

noted that nc, the least thrust for which equilibrium 
possible. The other trial thrusts should now lengthened equal 
since this the true thrust reaction the wall, All 
the new points, will now the right the old 
than with the normals the planes, b,, hence stability every- 
where the earth mass assured. 


7 | 
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The solution represented Fig. general, and applies whether 

inclined the right left the vertical through 

coincides with it, and whether the earth surface horizontal 

inclined above below the horizontal. can likewise easily 

adapted the case shown Fig. 1.* The construction Fig. 

has been used evaluating the thrust and determining (approximately) 

the plane rupture the experiments (recorded below) Leygue 

retaining boards, AB, that could rotated about and thus 

placed any inclination the vertical. all the experiments, the 

vertical height was 0.656 ft.; the length the board was 1.3 ft. 

The value the moment the earth thrust about was found use 

suitable apparatus, corresponding 

dry sand with natural slope 

use the partition board mentioned 

previously, the side friction the 

sand the glass sides the box 

containing was estimated, and the 

moments corrected, give the 

true moment when there side friction. The notation used 

express results partly given Fig. 12, for the general case where, 

vertical height the board, AB; 

vertical height center pressure AB; 

angle makes with the vertical, counted positive 
negative according lies the right left the 
vertical through 

E,= normal component thrust AB, acting 
feet vertically above 


angle plane rupture makes with horizontal. 


*To attain the greatest accuracy, constructions like that shown Fig. 11, the scale 
should large possible; the arcs circles, especially, must drawn with large 
radius, and the points, s,, etc., determined with care. The angle, can com- 
puted and laid off aid table chords. The construction this figure corresponds 
pendicular now found, drawing lines from and perpendicular and 

ound that the plane rupture. The line, through the new repre- 
senting the thrust, very small; but can easily magnified laying off the polygon, 


two three times large, and thus the thrust can found accu- 
rately before. 
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The resultant, and evidently makes the angle, ¢’, with 
the normal AB. The moment this resultant about 
From the last formula, seen that the moment the thrust 

When cohesion included, not exactly but very slightly 
given Leygue, will derived from the formula above, 


Thus, for the case represented Fig. 11, tan. therefore 

Neglecting cohesion, theory gives 0.182, twice the amount 
given experiment. If, however, the construction Fig. made 
for the actual height the retaining board, 0.656 ft., 80, 


comparison the values, evident that, the cohesion 
was assumed little less than lb. per sq. ft., the theoretical and 
experimental values could made agree exactly. The case just 
examined exhibits the most pronounced difference between the ordinary 
theory (corresponding and experiment, any shown 
Table Further, will observed, that, for assumed cohesion 
about per ft., the theoretical and experimental values for all 
the cases given Leygue very nearly agree. 

The value, 80, place Leygue’s, 89, was used, which 
would alter the results somewhat, but not the general conclusions. The 
construction Fig. will give and its normal component, 
with practical accuracy, but not readily adaptable finding the 
plane rupture. most the drawings small scale was used, 
order limit the drawing sheet writing paper, hence, both 
accounts, cannot counted nearer than 2°, except for 
Fig. 
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TABLE 


CoEFFICIENT THE 
ANGLE RUPTURE WITH NORMAL COMPONENT 


’ THE HORIZONTAL, THE THRUST 

per 

square 
oot. 


Theory. Experiment.| Theory. Experiment. 


The results Table are remarkable, and explain quite satis- 
factorily how Leygue, Darwin, and others found, experiments 
small models, results differing much from the ordinary theory, 
where cohesion neglected. 

should remarked that the values given Table under 
“Experiment,” are not exactly those given Leygue his tables, but 
are the averages obtained from the two sets drawings given him 
the plates, and represent the inclinations the chords the really 
curved surfaces rupture. His experiments with the spring apparatus 


1 2 
44° 47° 0.084 0.091 
49° 0.048 
58° 0.121 
44° 49° 0.195 
0.111 
0.155 
57° 57° 0.267 
f 
; 
4 
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are not considered, the results are open doubt, because the prism 
rupture, descending, could not slide down freely, but 
advanced would rub over the floor, thus lessening the thrust there 
considerably. 

From Table the results given experiment are seen differ 
widely from the ordinary theory which 

The discrepancies are largely, almost entirely, due the very 
small models used, will evident from the following considera- 
tions: Suppose the height, the wall, AB, times the 
height given Fig. 11, 6.56 ft.; then, the areas triangles such 
vary the squares the heights, but the lengths 
sides, vary only the first power the heights, the 
weights the successive trial prisms rupture will 10? 100 
times great before, whereas the corresponding cohesive forces, 
acting along the planes, b,, will only times the first values. 
Hence, use scale force the former scale, the weights 
but the lines representing the cohesive forces will only 
the former lengths. Thus the new Fig. 11, will laid off from 
only the length shown the figure. 

The relative decrease the lines representing cohesive forces 
will still more marked for wall 0.656 13.12 ft. high, the 
weights prisms being 400 times great, but the cohesive forces 
only times great before. evident from this reasoning 
that, for the cohesive forces are practically negligible for walls, 
say, ft. high, especially the earth surface level. fact, 
little examination the original drawings showed, for walls about 
ft. high, that the earth thrust, neglecting cohesion, was only from 
excess over that for The smaller percentages 
referred tan. for earth surface horizontal sloping 
the angle repose. 

Such results should great service future experimenters 
proving two things: (1) that dry sand, with small coefficient 
cohesion possible, should used (perhaps grain would more 
suitable material), and (2) that should less 
than from ft. high. 


Even the wall is, say, ft. high, damp clayey earth used 
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the filling, with coefficient adhesion, 10, then all the dia- 
grams forces, Fig. 11, will the same before, similar 
figures, and the discrepancies noted Table will pronounced 
ever. All the experiments retaining boards, except some 
Curie’s, have been with very small models, and the results have brought 
the common theory under suspicion, not into disrepute. 

The writer hopes that the foregoing investigation and results may 
instrumental establishing more confidence the theory, and 
showing when cohesive forces may practically neglected and when 
they must included. 

illustration, the results for vertical wall ft. high are 
presented Table taking 33° 41’ and 80. the first 
wall, the surface the earth was horizontal, the second wall its 
slope was rise base. 


TABLE 


56° 0.110 

0.101 

57° 0.096 

49° 0.176 

49° 0.165 

49° 0.155 

Table the results for and are practically the same, 


for fresh earth slightly damp and lightly rammed, given Leygue 
above, even approximately correct, seen that, for such filling, 
the effect cohesion must included get results all agreeable 
with experience experiment. 

Recurring the experimental retaining walls proper, Figs. 
evident from the foregoing, that cohesion will affect the results 
inappreciably, except perhaps the Figs. and where 
the height was about 0.6 ft. Assuming seems probable, 
from the results Table that the thrust should decreased 
the ratio 93:111. the construction for the new thrust, 
found that the point, falls within the base, 0.03 its width for 
Fig. (Trautwine’s wall), and 0.02 its width for Fig. (Curie’s 
wall). 
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The theory advocated thus practically sustained all the experi- 
ments given above, either retaining boards retaining walls proper, 
when coefficient cohesion about for dry sand used. 

The method evaluating the thrust, given Fig. 11, valid 
when cohesion neglected, the ordinary theory. The 
lines parallel the thrust are now drawn directly from ...., 
the intersection with gc,, and the greatest one taken 
for the true thrust. Although the writer expressly disclaims any 
great accuracy the values Table account the small 
the drawings, nevertheless, the results the construction for 
values only and for the different cases, which should give 
confidence the general conclusions, least. 

The diagram, Fig. 11, with slight modification, can utilized 
find the coefficient cohesion, which the bank earth will 
stand without retaining board. Thus, let each line, represent- 
ing the cohesive force acting along its proper plane, extended 
meet the corresponding gc; any such line measured the scale 
force and then divided the length the plane along which 
acts, will give the cohesive force, pounds per square foot, cor- 
responding thrust AB, for the particular plane considered. 
The greatest these values evidently the value for which 
the filling will stand without retaining board. The work can 
much abbreviated using well-known principle, that the plane 
along which the unit cohesion greatest (the plane rupture) 
bisects the angle, between the surface, AB, and the line 
natural slope. Suppose this plane, then have only 
divide the length Ab,, the scale distance, find the 
coefficient desired. either method was found that cohesive 
force lb. per sq. ft. was required sustain mass earth with 
vertical face, 0.656 ft. high, when Bb, was horizontal. 

was stated, connection with Equations (1) and (2), referring 
the thrust vertical wall height, with the earth surface slop- 
ing the angle repose, that this particular-case would discussed 
later. show the influence cohesion, the planes rupture for 
such wall, 2.4 ft. high, for various values (in pounds per square 


Papers. RETAINING WALLS AND PRESSURES TUNNELS 


foot), are given Fig. 13. The values (for and 
33° 41’) are follows: 


0.345 0.183 
0.237 0.120 
0.215 


The first value was found computation, the others construc- 
tion. well known, the theoretical plane rupture approaches 
indefinitely the natural slope approaches zero. For appreciable 
cohesion (and there always some cohesion) the plane rupture lies 
above the natural slope, with very materially decreasing normal 
components the thrust increases. the height wall 
increases, the influence cohesion diminishes. Thus, shown above, 
for wall times 2.4 ft., ft. 
high, the weights the prisms, 

ABC, are times the former 

values, but the cohesive forces, 

which vary directly AC, 

are only times the first values. 

Hence, the former values are 

forces, Fig. 11, will similar 

the old one. Thus, for the wall 

ft. high, the plane rupture 

and the value K,, for 10, 

correspond the old values for for 15, the old values for 
For fresh earth filling, slightly packed, possible that the 
values, 10, 15, may reached, with material reduction 
from the values given Equations (1) and (2). the height 
the wall increases, say ft., the influence cohesion, 
diminishing the thrust, becomes very small, and better ignore 
altogether. fact, know very little, and that imperfectly, 
the coefficients cohesion, perhaps safer, present, use 
Equations (1) and (2) all cases. very evident, though, that 
for most cases practice, the formulas give very appreciable excess 
over the true thrust, and that the true plane rupture never 
coincides with the natural slope. 
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From all that precedes, seen that the results experiments 
small models the past have proved very misleading, and 
that experiments large models are desirable, and can alone give 
hus made such experiments boards, 
from (3.28 6.56 ft.) height, simply determine the sur- 
face rupture. This really the essential thing, for, soon the 
prism rupture known, the thrust easily found. general 
way, the results agree with theory when the cohesion neglected, 
though the curved surfaces rupture were very irregular, particu- 
larly for the stone filling. The first two experiments were made with 
both dry and damp sand filling; the next six, with stones varying 
from 1.5 in. diameter. another series five experiments, 
sand was used. all the foregoing experiments, the surface the 
material was horizontal. three additional experiments, the walls 
were surcharged with sand filling. one experiment, the wall 
was 6.56 ft. high and the surcharge was 3.28 ft.; another experi- 
ment, the wall was 3.28 ft. high, and the sand, sloping from its top 
the angle repose, the former case, extended 3.28 ft. 
above the surface was horizontal. 

Applying the construction Fig. was found that the plane 
rupture passed, say, above that given experiment the 
first case and about 3°. below the second. will evident from 
the construction 11, omitting cohesion, that trial planes 
rupture differing from the true one, give nearly the same 
thrust. Taking the average, these experiments large models, tend, 
general way, sustain the theory. 

the late Sir Benjamin Baker’s paper, “The Actual Lateral 
Pressure two experiments Lieutenant Hope and 
one Colonel Michon, counterforted walls, are given. Although 
such walls not admit precise computation, account the 
unknown weight earth carried the counterforts, through friction 
caused the thrust the earth direction perpendicular the 
counterforts, still the computation was made, the conclusions are 
interesting. Therefore, the first vertical wall Lieutenant Hope was 
examined, especially Mr. Baker, using the Rankine theory, found, 
for this wall. the greatest divergence between the actual and the 
Rankine thrust, any retaining wall examined. 


Minutes Proceedings, Inst. E., Vol. LXV, 140; reprinted Van Nostrand’s 
Science Series. 
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‘At the moment failure, the wall was ft. in. high, the 
thickness the panel was in., and the counterforts were ft. 
center, projecting in. from the wall, ft. in. 
from the face, inferred from the next example. stated that the 
wall had the same volume the 10-ft. wall previously examined 
this paper (Fig. 4), the counterforts must have been ft. thick. 
Assuming these dimensions, and using the values given; tan. 
first compute 1496 the normal component the earth 
thrust length ft. wall. The normal thrust the panel 
thus and the counterfort The friction (acting verti- 
downward) caused this thrust tan. the panel and 
tan. the counterfort. The moment these forces about 
the outer toe the wall, totals 800 ft-lb. The resisting moment 
ft. length combined panel and counterfort, about the outer 
toe, assuming the wall vertical, 800 ft-lb. If, the latter, 
add the moment 17% the weight earth between the counter- 
forts, supposed held the sides the latter, the total 
moment exactly equals the first. However, the moment failure 
overturning, the panels had bulged in. and the overhang the 
top was in. Taking the moment stability the wall 
ft-lb. (Mr. Baker’s figure), found that, for equilibrium, 24% 
the weight earth between the counterforts must carried them. 
When the earth was ft. high, heavy rain was recorded, that, 
doubtless, some appreciable cohesion was exerted, though necessarily 
omitted the computation. 

The experimental wall Colonel Michon was ft. high, with very 
deep counterforts, only ft. from center center. The very heavy 
and wet filling between the counterforts, being treated part the 
wall, construction (made the printed drawing) shows that the 
resultant earth thrust and weight wall passes through the outer 
toe. Doubtless the cohesion factor this wall was large. the 
paper mentioned; the details General Burgoyne’s experimental 
walls are given. There were four these walls, each ft. long, ft. 
high, and with mean thickness ft. in. Two the walls 
were perfectly stable, fact theory indicates for all four walls 
they were monolithic. The other two walls fell, one bursting out 
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ft. in. from the base, and the other vertical wall), breaking 
across, were, about one-fourth its height. these walls 
consisted rough granite blocks laid dry, highly probable that 
the breaks were due sliding, owing the imperfect construction; 
besides, “the filling was loose earth filled random without 
ramming other precautions during very wet winter.” 

From consideration all the observations and experiments (some 
them unintentional), Mr. Baker concludes that the theoretical 
thrust often double the actual lateral pressure. used the old 
theory, which neglects both cohesion and wall friction. had 
them, the resulting theory would not have been deficient 
“in the most vital elements existent fact” charges against 
the “textbook” theory. 

However, the writer must clearly understood not recommend- 
ing that cohesive forces considered designing retaining wall 
backed granular material, such fresh earth, sand, gravel, 
ballast. has been the main object this paper show that, 
although cohesive forces must included interpreting properly 
the results small models and many retaining walls, yet, for walls 
more than ft. height, backed with dry fresh material, not 
consolidated, the cohesive forces can practically neglected design. 
Hence, experimenters are strongly advised leave small models severely 
alone and confine their experiments walls from ft. high, 
backed truly granular material, such dry sand, coal, grain, 
gravel, ballast, where the cohesive forces will not affect the results 
materially. Further, evident that walls brick wet sand, 
walls granite blocks, etc., laid dry, are very imperfect walls. The 
overhang, just before falling, large, and the base often imperfect. 
For precise measurements, light but strong timber wall firm 
foundation, seems best; and the triangular frame Fig. seems 
meet the required conditions very well, especially the framing 
open one, with retaining board only one leg. The base thus 
becomes wider and the overhang less, than with any rectangular wall. 

When the design wall sustain the pressure consolidated 
earth question, even perfect mathematical theory existed, 
would still prove little practical value, because the coefficients 
friction and cohesion are unknown. The coefficient friction 
the surface can easily found, but difficult matter find the 
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coefficient cohesion, which doubtless varies greatly throughout 
the mass. 

Mr. Airy, his discussion Mr. Baker’s paper, states that 
found the tensile strength block ordinary brick clay 
168 and certain shaley clay 800 lb. per sq. ft., the coefficients 
friction for the two materials being 1.15 and 0.36, respectively. 
Cohesive resistance more analogous shear, but such figures indicate 
the wide variations expected, particularly the coefficient 
cohesion. this coefficient guessed at, order substitute 
the supposed perfect formula, then plainly better guess 
the thickness the wall the first instance. 

illustration, consider the well-known equation 


cos. 
which gives the height, vertical trench that will stand without 
any sheeting. 
this equation, 


the cohesive shearing resistance, pounds per square 
foot; 
the weight cubic foot earth, pounds; 
tan. 
the inclination the natural slope; and 
the height the unsupported bank, feet. 


Thus, 0.7, whence 35°, the equation reduces 


For, 100, 7.68 ft., 
100, 23.04 ft. 


certain trenches with vertical sides have been observed stand 
unsupported for heights even ft., the equation would seem 
indicate that cohesive shearing resistances about 200 
300 Ib. per sq. ft. were required cause equilibrium. friction 


not supposed exerted, then and and, for the 


same unsupported heights, the cohesion would about doubled. Evi- 


reference this equation, see Appendix. 
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dently, cohesion, which (to judge from Mr. Airy’s experiments) may 
vary from one several hundred pounds per square foot, has 
once. 

The foregoing equation cannot regarded.as giving very accurate 
results, mainly because plane surface rupture assumed, whereas, 
from both theory and observation, surface known very 
much curved; besides, the cohesion and friction along the the 
have been neglected. However, the hypothesis plane surface 
rupture, the ends being supposed included, gives greater 
value than the true one, whereas, neglecting the influence the 
ends, tends the other direction; that the equation may not 
err greatly. 

the discussion the paper* Meem, Am. Soe. E., 
Haines, Am. E., states that where breaks occur 
the sides unsupported trench, the solid 
rupture often approximates quarter-sphere, 
surmounted the same 
height, the radii the sphere and cylinder 
being equal. Fig. 14, let represent the 
EACDB the face the trench. According 
the observations Mr. Haines, when the part, 
ACDB, the side the trench supported 14. 


sheeting and bracing, sometimes happens that part the quarter- 
sphere, breaks out, that the semi-cylinder above would 
descend but for the bracing, the thrust which, supposed, 
induces arch action the earth. 

This possible; but, so, the sheeting not supposed 
carried the bottom the trench, there can vertical component 
its reaction, and the thrust, the braces and sheeting, acting 
ACDB, must horizontal; further, the earth cannot act 
series independent arches devoid frictional between 
them, but must act whole. 

Another way explaining the phenomena suppose the hori- 
zontal thrust the braces, the exposed face, ABCD, cause 


The Bracing Tunnels, With Practical Formulas for Earth 


Transactions, Am. Soc. E., Vol. LX, p.1. important facts brought out 
this paper are vital importance constructors. 
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friction the back the break sufficient intensity prevent the 
semi-cylinder from descending, just book can held against 
vertical wall horizontal push. 
illustrate the principle, will suffice -replace the 
cylinder the circumscribing parallelopiped; and suppose 
held the friction the back face, with possibly 
acting the three interior vertical faces. Thus, let 
and then the friction the back face Bf, the cohesion 
AF, equals Hence, friction and cohesion always act opposite 
the incipient motion, vertically this ease, 
Evidently, the value derived from this equation, gives 
extreme upper limit, which doubtless never attained, there 
nearly always some support from the earth which has not broken out 
below the level ABI. 
Where the sheeting and bracing are sufficient size, are tightly 
keyed up, and extend the bottom the trench, where the bank 
supported retaining wall, the earth near the bottom cannot 
break out, and the equation not valid. 


However, if, from any cause, such insufficient sheeting, the 
break has taken place over even part the mass, AF, above 
will tend tip over the top, giving the greatest pressure the top 
braces. This appears explain the phenomena observed Mr. Meem 
and others connection with some trenches. 
With regard tunnel linings, well known, the vertical 
pressure the top generally small, the great mass earth vertically 
over the tunnel being largely held the friction the earth 
(caused the earth thrust) its vertical sides, exactly the case 
tall bins, where most the weight the grain held the 
sides the bin, the theory being very similar the two cases. 
consolidated earth, cohesion assists very materially this action. 

might inferred, from the facts observation, that consoli- 
dated earth acts solid, though, course, differs from solid 
this: that its physical constants (cohesion, friction, 
enormously with the degree moisture. that these 
constants alter with the depth, and likewise are subject changes 
from shocks. 
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question too, whether, the case with loosely granular 
materials, friction acts (before rupture) the same time with shear 
cohesion consolidated earth. From the interesting remarks* 
Mansfield Merriman, Am. Soc. E., internal friction, 
seems probable that friction and shear exist the same time 
solid; but, reach sound conclusions, states, “further studies 
internal friction and internal molecular forces are absolutely 
necessary.” 

From the present state our knowledge with respect the theory 
and physical constants pertaining consolidated earth, would seem 
that experience must largely the guide dealing with it. The 
facts are supreme—the rational theory may come later. 

Similarly, for retaining walls backed loosely aggregated, granu- 
lar materials, the facts are supreme, and, that account, they have 
been presented very fully this paper; further, theory has been 
found interpret them properly. true that the fresh earth, 
from the time that deposited behind retaining wall, begins 
change consolidated earth, from the action rains, the com- 
pression due gravity, and the influence those cohesive and chemi- 
affinities which manufacture solid earths and clays out loosely 
aggregated materials, and even cause the backing sometimes shrink 
away from the wall intended support it; but plain that the 
wall should designed for the greatest thrust that can come 
any time, and this, the great majority cases, will occur 
when the earth has been recently deposited. 

The cases which have been observed where the bank has shrunk 
away from the wall and afterward ruptured (after saturation, perhaps) 
are too few number warrant including general scheme 
design, even supposing that rational theory existed for such cases. 
few remarks the theory pertaining the design retaining 
walls may not inappropriate. From the discussion all the 
experiments referred this paper, the conclusion may fairly 
drawn that the sliding wedge theory, involving wall friction, 
practical one for granular materials any kind subjected static 
load. practical design, however, vibration due moving load 
has allowed for; also the effect heavy rains. Both these 
influences tend generally lower the coefficients friction and add 
the weight the filling. Mr. Baker says: 
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“Granite blocks, which will start nothing flatter than 1.4 
will continue motion incline 2.2 1,* and, for similar 
reasons, earthwork will assume flatter slope and exert greater 
lateral pressure under vibration than when rest.” 

Instances. slips railway cuttings, caused the vibration set 
passing trains, have been given many engineers. The effect 
vibration most pronounced near the top retaining wall, 
and evidently greater for low wall than for high one. All the 
influences cited can only included under the factor safety, and 
the writer recommends for walls from ft. height factor 
This may increased 3.5 for walls ft. high and decreased 
2.5 for walls ft. high, those with very high surcharges. 
the application, the normal component the earth thrust the 
wall, will alone multiplied the factor, the friction, tan. ¢’, 
exerted downward along the back the wall, 
being unchanged. This allows very ma- 
terially for decrease due rains and 
vibration, well for increase the 
thrust, due becoming less. 

The effect illustrated Fig. 15, where 
the earth thrust, CF, making angle 15. 
with the normal the face, AC, the wall. The component 
normal CD, the component acting downward 
along represented magnitude and direction DF, which 
equals tan. ¢’. Suppose the factor safety then 
DF; whence will represent the thrust, which, combined with 
the weight the wall, acting through its center gravity, must pass 
through the outer toe the wall. 

see what thickness vertical rectangular wall corresponds 
base rise, let assumed that the weights per cubic 


foot earth and cut-stone masonry mortar are the ratio 2:3; 
then, for level-topped earth, computation shows that, for the factor, 
the base the wall must the earth slopes indefinitely 
the angle repose from the top the back the wall, and 
factor 2.5 used, then the thickness will 0.49 


Perhaps this may accounted for supposing cohesion between the blocks rest, 
which destroyed the motion, when only friction acts. 
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For brick masonry mortar, the weight which 


Or 


‘of that the filling, the foregoing thickness would changed 


and 0.52h, respectively, being equal the height the 

must noted especially, however, that the original earth 
when combined usual with the weight wall, gives 
resultant which passes outside the middle third the base 
the wall computed above, then the thickness must increased, 
that the resultant will least pass through the outer middle- 
third limit. This ensures compression over the whole base and 
opening part the joint under normal conditions. With regard 
the thickness above about one-third the height, Mr. Baker 
states that hundreds brick revetments have been built the Royal 
Engineer officers, with thickness only 0.32h for vertical wall. 
advises, the result his own extensive experience, that the 
thickness made one-third the height for level-topped earth 
average character, and that the wall battered in. the foot. 
states, further, that, under ordinary conditions surcharge 
heavy backing necessary make the thickness retain- 
ing wall solid foundation more than one-half the height. The 
thicknesses computed above agree fairly well with those recommended 
Mr. Baker, and would seem that table thicknesses computed 
the above basis should safe walls under ordinary 
conditions. 

has been noted above that Equation (1), corresponding 
slope indefinite extent, probably gives too great thrust; besides, 
there are embankments with such slope. embankment from 
100 150 ft. high, supported low wall, may approximate the 
conditions assumed, but, before finished, the earth has 
dated such extent that the actual thrust doubtless much less 
than the computed one. The truth that, nearly all back-filling 
ordinary earth, the cohesive and chemical affinities commence their 
work very soon after the filling deposited, and consolidation 
gradually effected; that, has been siated, the actual thrust 
often much less than estimated the destgn the wall, where 


observed, the consolidation has gone far that the backing has 


shrunk away from the wall altogether. would hazardous, though, 
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allow for cohesion, wall backed fresh earth, unless the sur- 
charge was high and was long time building. Finally, should 
observed, that the footing retaining wall should wide, 
and should always tilted such angle that sliding impossible. 

glance Figs. and will make apparent that the 
Rankine and other theories differ their results mainly because 
the assumed difference inclination the earth thrust. the 
design walls, however, the method proposed (Fig. 15) will approxi- 
mate results those given the Rankine theory, where, say, the 
earth thrust, whether inclined not, multiplied the factor 
safety. The writer does not advocate the middle-third limit method 
design, gives variable safety for different types 
walls. the actual resultant the base passes one- 
third its width from the outer toe, there pressure the 
inner toe, and the unit pressure the outer toe double the 
average. vibration other cause increases the thrust, the joint 
the inner toe opens, and the pressure concentrated too much 
near the outer toe. the reinforced concrete wall,. the earth thrust 
plane through the inner toe required. this plane 
lies well within the earth mass, the thrust must taken 
actin parallel the top slope, and its amount will the same 
that given Rankine theory. 

Although highly desirable have more precise experiments 
large models order sure conclusions, yet, far the 
experiments go—those which have been analyzed and discussed 
this paper—the following conclusions may stated: 

1.—When wall friction and cohesion are included, the sliding- 
wedge theory reliable one, when the filling loosely aggregated 
granular material, for any height wall. 


experimental walls, from ft. high, and greater, 


backed sand any granular material possessing little cohesion, the 
influence cohesion can neglected the analysis. Hence, further 
experiments should made only walls least ft., and pre- 
ferably ft., high: 


many experiments that have been made retaining 


boards less than high, have been analyzed their authors 
the supposition that cohesion could neglected. This hypothesis 
far from the truth that the deductions are very misleading. 
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4.—As difficult ascertain accurately the coefficient cohe- 
sion, and varies with the amount moisture the material, 
small models should discarded altogether future experiments, 
and attention should confined large ones. Such walls should 
made light, and with wide base, possible. triangular 
frame wood foundation seems meet the condi- 
tions for precise measurements. 

5.—The sliding-wedge theory, omitting cohesion but including 
wall friction, good practical one for the design retaining walls 
backed fresh earth, when proper factor safety used. 

the subject pressures the roof and sides tunnel 
lining has received much attention late, the writer has concluded 
extend this paper, give development theory, based 
the grain-bin theory Janssen, but modified include the cohe- 
sive shearing resistances the earth addition 
the frictional resistances. 


tunnel, ABCD, and the earth, DCFE, extending 
over feet. this tunnel has been driven 
the use shield poling boards, the ground 
will tend settle over it, and part the weight 
DCFE will sustained cohesion and fric- 
tion (resulting from the lateral thrust) exerted 
along the sides, vertically upward. The earth will 16. 
probably arch itself, form series domes superposed one upon 
the other, but the external forces acting such domes will the same 
those acting corresponding horizontal lamina, and the theory, 
given full the Appendix, begins with the considerations pertain- 
ing the equilibrium such lamina. 

there was settlement the earth, DCFE, relation 
DC, then the vertical pressure per square foot would 
being the weight foot the earth pounds), but, 
sufficient settlement, the vertical unit pressure, DC, will 
much less than wh. Also, the lateral unit pressure, the level, 
DC, will much less where settlement occurs. From the equations 


for and given the Appendix, the diagrams, Figs. and 18, 
have been constructed. 
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both diagrams, the weight the earth was taken 
per cu. ft., and the cohesion the earth 100 per sq. ft. 
Fig. 17, 45° and the curves for and were laid off for width 
tunnel, ft. and also for ft. Fig. 18, 30°, and 
curves are given for and also for ft. and ft. for various 
heights, 

will perceived, both figures, that when certain heights 
are attained, both and cease increase perceptibly, that such 
values may taken corresponding indefinitely large. 


Height, ,in feet. 
Height, h,in feet. 


90 lb.per cu.ft. 


b.per cu.ft. 
C=100 lb. per sq. ft. 4 
45° 


per 


6 7 8 
Pressure, in thousands of pounds per square foot. Pressure, in thousands of pounds per square foot. 


17. 18. 


simple way deriving these extreme values given the 
Appendix. The values and have been taken here the same 
those used Mr. Meem, framing his table pressures,* which 
may supposed embody, part, practical experience. The results 
found from Figs. and the writer, for depth covering 
several hundred feet, are uniformly much larger than those given 
Mr. Meem. Are they too large for safety? answering this ques- 
tion, must remembered that, the weight earth directly over 
the tunnel, all has been transferred the sides that was possible 
transfer, for the coefficients friction and cohesion given. 
know scarcely anything the cohesion coefficients, that the value 
assumed, 100 lb. per sq. ft., may not near the truth. Certainly 
must appear plain from this discussion that the values and 
must better known, for all kinds earth, before reliable results 
can attained. The results are submitted for discussion, the 
hope that engineers will give their experience relative the pressures 
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realized the timbering tunnels, particularly through sand 
earth not thoroughly consolidated. 

The value Figs. and 18, the average vertical unit 
pressure the top the tunnel. grain bins lead 
the inference that the pressure the middle the roof greater 
than that the sides, but law variation can stated. 

The lateral unit pressure the vertical sides the tunnel lining 
the top given the equation for the corresponding 
diagram. The variation this lateral pressure over the sides 
the tunnel cannot easily formulated, much the 
the earth, directly over the tunnel, has been transferred kind 
arch action the sides. Experience would better speak here. 

Table gives the values and for ft. The figures 
Columns are taken from Mr. Meem’s table, previously referred 
to; those for Columns are from the diagrams, Figs. and 18. 

quoting Mr. Meem’s figures, the writer must not understood 
endorsing any way his theory; but the results are interest 
embodying the conclusions practical engineer large experience. 


TABLE 
V, IN POUNDS PER SQUARE L, IN POUNDS PER SQUARE 
FOOT. 
15 } 30° | 1 085 2100 540 600 
600 450 750 


the height, earth covering 200 300 ft., the values 
given Figs. and are much larger than those given Columns 


which presumably represent Mr. Meem’s pressures for any height 
greater than ft. 

saturated earth, has been customary, perhaps, regard the 
earth were gravel composed solid spheres, like marbles, 
that the water has free access any direction. Thus, the 
retaining wall backed such material, the water has full 
practically every part the wall, and the wall sub- 
jected the full water pressure corresponding its depth. 


likewise subjected thrust from the earth, corresponding and 
for the saturated material, but with weight per cubic foot equal 
that the earth air less the buoyant effect the Thus, 
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foot the porous earth, air weighed lb., and the 
voids were 40%, then cu. ft. earth contains 0.6 cu. ft. solids 
and the buoyant effect the water the weight equal volume 
water 0.6 62.5 37.5 Hence, the weight per cubic foot 

Similarly, for the pressures, and the top tunnel, 
must replaced 52.5, and and must found for the 
saturated material and these values substituted Equations (5) and 
(6) the Appendix. these pressures must added the cor- 
responding water pressures for the full height water, supposing 
have free communication everywhere, the case the gravel 
filling. However, with sand, earth with much fine material, the 
pores are more less clogged and there perhaps intimate con- 
tact part the earth with the roof the tunnel, that the 
water cannot get under produce lifting effect, and such 
intimate contact found along any horizontal vertical section, 
the earth either side the section, plain that the buoyant 
effort the water cubic foot material will much diminished: 

Mr. Meem deserves great credit, not only for calling attention 
this, but especially for performing certain experiments prove 
it.* The experiments were sand, and only small scale, 
but the practical conclusion drawn from them that the water pres- 
sure transmitted through sand having 40% voids diminished about 
40% intensity. This for depth only few inches 
sand, and presumably the diminution would greater for sand 
several feet depth. course, before definite values can stated, 
experiments large scale should made every kind material 
usually met; but, numerical illustration the application, for 
the diminution mentioned—which assumed extend through the 
mass—it seen that, the examples the retaining wall and also 
the tunnel, the weight per cubic foot the earth water must now 
taken (0.4 0.6 62.5) lb. per cu. ft. 

This value replaces the Equations (5) and (6) from which 
the and for the top the tunnel are found. these values, 
add 0.4 62.5 h,, for the water pressure, where the surface the 
water extends height, h,, above the top the Similarly, 
the case the retaining wall, add 0.4 the full water thrust 
the wall that given the earth, weighing only lb. per cu. ft. 


* Transactions, Am. Soc. C. E., Vol. LXX. pp. 365-368. 
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weight water, found above. The values and are 
now found, Equations (5) and (6) (Appendix), 1917 and 
246 per sq. ft., respectively, for the saturated earth alone. these 
values add 62.5 1500 lb. per sq. ft., water pressure, 
giving total 3417 and 1746 lb. per sq. ft., respectively, for the 
vertical and horizontal unit pressures the top the tunnel lining. 

connection with this subject underground pressures, may 
not inappropriate make some concluding remarks the maximum 
vertical pressures which culverts may subjected. 

Let Fig. now represent longitudinal vertical section along 
the axis road embankment, built over arch culvert box- 
drain, ABCD, the line, CD, passing through the summit the arch 
the top the covering stone the box-drain, and the lines, 
and BC, coinciding part with the exterior sides the abutments. 

There horizontal thrust the earth the medial plane, 
acting right angles the plane the paper, which tends 
distribute the weight the central portion partly toward the sides; 
but, ignoring this, seen that, the earth everywhere settles uni- 
formly, the maximum pressure per square unit the top the 
culvert wh, and the total vertical pressure the culvert the 
weight the earth vertically above it. 

If, however, the earth outside the abutment walls settles more than 
the walls case which may occur), then part its weight, and 
that the earth vertically above it, will transferred, through 
friction and along the planes, and BF, the culvert, 
and thus the vertical pressure the top the culvert will greater 
than the first supposed case; but, the reverse obtains, the 
culvert settles more than the earth outside the lines, and BC, 
the arch covering stone descends the middle relatively the 
abutments, then part the weight the earth vertically over the 
culvert transferred the sides. For comparatively rigid arch, 
the settlement perhaps not enough warrant making the 
maximum unit pressure less than wh. Exactly what settlement would 
warrant the use the theory set forth Appendix im- 
possible say. the unit pressure taken wh, can rest 
assured that most cases the real pressure materially less. 
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APPENDIX 


the experiments Jamieson and Pleissner the pressures 
deep grain bins*, the ratio, the lateral unit pressure, 
vertical plane the vertical unit pressure, horizontal 
plane, was found Pleissner vary from 0.3 0.5 and Jamieson 
equal 0.6, for wheat wooden bins various sizes. 

This ratio, increases somewhat with the depth the 
grain, but the increase slight after depth from times 
the width diameter the bin reached. 

recognized that the proper value for particular case, 
can only determined properly experiment, but interesting 
note that, the theory earth pressure unlimited granular 
mass, level the top, the ratio the lateral the vertical unit 


pressure, any point the mass, is, (45° and that 


this varies from 0.361 0.406, the angle repose, varies 
from 28° 35°, the values for wheat, given some the 
experiments. Further, reference Jamieson’s experiments 
model bin smooth steel, ft. filled with sand, for 


mental value equal exactly for height sand 2.5 ft., 
the value ft. and upward being 0.33. 

The theory bin pressure utterly different from the ordinary 
seen that the latter may some use furnishing value 
when experimental values are lacking, the case various 
kinds earth, both granular and more less consolidated. 

equation for for unlimited mass earth, level the 
top and having coefficient cohesion, has been given 
and follows: 


Given detail Design Walls, Bins and Grain Milo 
Ketchum, Am. Soc. 


Walls, Bins, and Grain Fig. 171. 
Traité Stabilité des 292; see also Remark end Appendix. 
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Here weight per cubic unit earth, 
depth below the level-topped, unlimited mass, 
unit lateral pressure vertical plane the depth, 
This reduces the usual formula when 


that the horizontal ordinates the triangle, ABC, 


measure the values the first term the right member 


(45° 

represented the horizontal 
ordinates the rectangle, Earth 
ABGF. Thus the value 

but, above the 
negative values corre- 
sponding tension along FIG. 19. 
AD, are inadmissible; hence, above must write 0.* 


Equation (1). The second term, constant, and 


(45° 


Solving this for h’, 


For given and having computed h’, have, 
subtracting Equation (2) from Equation (1), 


form, and thus the center pressure the thrust (or DB) 


— 


Scheffler has not noted this fact, and consequently some his deductions are open 
objections. His theory, involving cohesion, the only one the writer has seen. 
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the vertical unit pressure the depth 
therefore 


have, from Equation (4), 


Next consider the case tunnel width, and length, 
which has been driven shield use timbering, that 
appreciable settlement the roof occurs; then the weight the earth 
vertically over the tunnel partly 
the adjacent walls 
earth, friction and cohesion, 
and would seem that such walls 
can supposed take the place 
vertical grain bin walls, and 
that the theory bin pressures 
corresponding may made 
apply. The theory that will 
developed, which includes the in- 
fluence cohesion, simply 
modification that used Tunnel 
developing Janssen’s formula, 
given Mr. Ketchum,* and, for 
ready comparison results, his notation will used. 

Fig. 20, let the distance from the roof the tunnel 


the surface the earth. Compute from Equation and lay off 
from the top down. 


Let vertical unit pressure depth, h’; 


(V+dV)A 


weight earth per cubic unit; 
angle repose earth; 
tan. coefficient friction earth earth; 
area horizontal section tunnel; 

cohesive force earth per square unit. 


Design Walls, Bins and Grain Chapter XVI. 
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empirical formula express the relation between and but now 

should determined experiments, but, from lack 
such experiments, will computed from the formula above, 

Consider now the conditions equilibrium horizontal slice 
earth depth, dy, the weight which 

The top surface, the depth, h’, acted the force, VA, 
acting downward, and the bottom surface the force, 
acting upward. The total lateral force acting the area, 
and this causes frictional force dy, acting upward. 
The cohesive shearing resistance the area, dy, acts upward, 
and its amount Placing the sum the vertical forces 
acting the slice equal zero. 


reality, arch dome the earth should considered 
place the horizontal stratum, but the result the same, because the 
same vertical forces act either case. Simplifying the above equation, 
and dividing 


Putting and L=(V V’)k, 


v R R t n q 
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where 2.71828 ...., the Napierian base. 
Solving for 


Substituting the values and have, 


ke k 
which must remembered that, 


2ccos. 
The lateral thrust now given by, 

get the pressures, and the top the tunnel, replace 

The weight the upper stratum, depth h’, part sustained 
the cohesion the sides, but generally small, this cohesive 
can neglected, was done above. 

Equations (5) and (6) reduce the ordinary bin formulas 


modification due these terms generally small, unless very 
large. 


For large values small, and increases in- 


definitely, approaches limit the value 


This expression may derived independently, and practical 
value when very high surcharge considered. 
Referring Fig. 20, evident that the maximum limit 
would realized the weight any horizontal lamina entirely 
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held the friction and cohesion the sides; for then, for all 
lower slices, and remain the same. 


given above. 


seen, such state not exactly realized, but practically true 
for great depths. 


For long tunnel, the perimeter the section, can taken 
whence, 


o 


This value was used all the computations. 

numerical illustration the use Equations (5) and (6), 
suppose tunnel, ft. wide, and, for the earth covering let 
100 lb. per sq. ft. 


o 


2ccos. 
Equations (5) and (6) readily reduce now 
These formulas give the vertical and horizontal unit pressures 
the top the tunnel when, 


computing the values and for various depths earth cov- 
ering, short table hyperbolic logarithms convenience. 
The curves given the equations above are shown Fig. 17. 

additional note with respect Equation (1) may not inap- 
Scheffler, deriving this equation, considered the condi- 
tions equilibrium infinitesimal wedge earth the depth, 
was found that the horizontal pressure the depth, h’, given 
Equation (3), was zero, and was assumed the writer that 
there was pressure vertical plane for less depth. Thus, 
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Fig. 21, there horizontal pressure the plane, DE, where 
ported entirely the normal reaction the plane, DB, with the 
cohesion and friction acting along it.* deduce the total earth 
pressure the vertical plane, AC, then admissible treat the 
prism, ADEC, the prism rupture, the surface rupture con- 
sisting the plane, AD, making the angle with the vertical and 
the plane, DE. Therefore the weight the prism, ADEC, 

balancing components parallel and perpendicular the plane, 
and then following familiar methods, can shown that the true 


t h’ os. ¢ 


The derivative this, with respect 
gives the intensity, the 
depth, exactly the same Equa- 
tion (1), and the subsequent deduc- 
tions hold. Thus the fundamental 
Equation (1), according the inter- 
pretation given, seen correspond 
prism rupture, ADEC, which 
little nearer the true one, having curved surface rupture, 
than the wedge, ABC. 

The above refers the pressure vertical plane mass 
level-topped earth indefinite extent; but suppose that 
the back retaining wall, and that slight movement downward 
the prism rupture imminent; then, the earth along the plane, 


may well remark here, that for cohesive earth, has been proved, both the- 
oretically and experimentally, that the surface rupture curved, and not plane, 
the theory assumes. However, assuming plane, and considering successive 
wedges rupture different heights, the bases which lie the same plane, can 
easily shown that certain the upper wedges can sustained cohesion alone, and that 
the coefficient cohesion required for stability varies from the surface its max- 
imum value certain depth, h,. Below this depth, friction addition cohesion 
exerted, and stability assured suppose the friction coefficient increase from 
maximum value, tan. some h’. Below this depth, the plane 
rupture, the maximum values both coefficients are exerted. Now, the ordinary wedge 
theory assumes, for simplicity, that these coefficients are constant all along the plane of 
rupture, which may be true at the instant of rupture, but not for a stable mass. It is 
possible, too, that rupture may progressive, starting the bottom. 
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DE, can exert sufficient tension, the mass, descending, 
may drag down the wedge, DEB, with it, that the full friction 
and cohesion along will added that along AD. other 
words, the prism rupture must now taken the wedge, 
hence, the value corresponding given the equation above, 
making this introduces, the first equations for equili- 
brium, the fact that the prism rupture now the wedge, ABC. 

only one step farther find the greatest height which the 
vertical face open trench will stand for given coefficients, 
find, after reduction, 
cos. 


value which has been quoted elsewhere this paper. double 
the value for given Equation (3). The reason for this, though, 
now evident; for the last equation follows consequence 
assuming that the full cohesive and frictional resistances along 
were exerted; whereas Equation (1) ignores them. 
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Discussion.* 


Lewis Am. Soc. (by this interest- 
ing paper Mr. Tower has added some material facts which emphasize 
the importance thorough consideration all the forces which co- 
operate effect changes alluvial inlets, and directs attention the 
influence the flood-tidal currents being important factor, 
not the main one, causing troublesome shoals. 

Lest too much stress unduly laid single factor, well 
note that the literature this subject prolix, and that many 
physical hydrographers and maritime engineers have directed specific 
attention the influence tidal currents and the paths which they 
take approaching the tidal estuaries any breach the ocean 
littoral. Davis, “The Law Deposit the Flood 
Tide: Its Action and Sir John Coode, the “Chesil 
Banks,” and Wheeler, Mitchell, and many others have 
definitely directed attention this factor, and the discussions are 
great interest the profession, because much involved the 


This discussion (of the paper Morton Tower, Am. Soc. printed 
ings for November, 1910, and presented the meeting December 2ist, printed 
Proceedings order that the views expressed may brought before all members for 
further discussion. 

Smithsonian Contributions, Vol. 1851, where was laid down fundamental 
principle, that the deposits the ocean border are only made the current the flood 


See also Discussion the Dynamic Action the Ocean Building 
the writer, Am. Phil. Soc., March, 1889. 


Smithsonian Report, 1874, 219. Also letter the writer, May 20th, 1880, stating 
are entirely correct, the unceasing activity the flood that produces the forms 
characteristic harbor See ante, Am. Phil. Soc., 1889. 
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cost harbor bar improvements and their maintenance fixed 
position. 

When the writer was stationed the Texas Coast, 1869, the 
United States Engineer the Fifth Military District, his attention 
was directed the delays crossing the bars and the necessity 
lightering passengers and live stock off shore. This led him devote 
his attention these specific problems, with the result that designed 
system whereby part one jetty, properly placed, might control 
the resultant such manner remove the bar automatically 
and create self-maintaining channel, and Congress was well satis- 
fied with the merits and economies this device, that 1902 test 
its efficiency was ordered made Aransas Pass, Texas, where all 
previous efforts had failed. After the removal the former obstacles, 
and before the original design was completed its entirety, the feeble 
14-in. tide had scoured out the channel depths from ft. 
more than ft., the original depth being from ft., without any 
dredging whatever. This work was designed control the sand driven 
the bar the “flood-component” the external forces, and not 
primarily concentrate the ebb, was the prevailing custom, two 
jetties, which merely prolong the slope, increase the friction, reduce 
the tidal ingress, and throttle the inlets require frequent 
dredging create and maintain the channel. 

many cases the jetty may detached from the shore and 
placed merely connect the deep water the outer and inner 
slopes the bar. should lie between the proposed channel and the 
source the resultant drift and concave the channel, thus 
creating reaction which will effectually prevent the deposit 
material the protected portion the bar. 

The author attention the danger the structure being 
undermined placed too near the channel, but Aransas Pass this 
has been prevented suitable apron laid along the toe the work, 
which has reduced its deterioration only about per cent. 

This well-known and case cited furnishing 
the best evidence the importance the questions raised Mr. 
Tower, and emphasizing the great economy which may secured 
from intelligent application the available resources Nature, 
particularly the same site, subject the same forces, furnishes 
admirable illustration the comparative results the two systems, 
both before and after the reaction jetty was partly built. The previous 
work, after nearly years, and cost more than was 
abandoned with “insignificant results.” 

The reaction jetty, only partly finished, preduced immediate scour, 
and soon after the removal the old, obstructing works, cut the 20-ft. 
channel through, without advancing the bar, less cost the 
Government than the former work; and when was decided 


2 


attempt deepen the channel, 1907, before had reached condi- 
tion equilibrium, closing the tidal opening and building second 
jetty, the channel shoaled less than ft. immediately. conse- 
quence has become necessary appropriate more than 000 000 
the effort recover the depths jetty extensions, dredging, and 
other works, and for the protection the adjacent islands from 
erosion. 

Had the general principles the utilization the littoral forces 
and the control the bar-building drift been duly recognized when 
the South Pass was being opened, the late James Eads, Am. 
Soe. E., reported have said that would not have built his 
west jetty, which has been largely buried under the deposits created 
that the east bank. 

Incidentally, the closure the Cumberland Sound, which required 
emergency appropriation $500000 remove portion the 
south jetty, and the effort open channel across the bar south 
both jetties, might have been avoided, while the subsequent building 
the windward north jetty its outer end enabled the natural 
forces, aided dredging, restore fairly good, normal channel. 

The use the two jetties the Southwest Pass, aided constant 
dredging and the extension the bar far beyond the ends the 
work, might have been saved the judicious application the same 
which had created excellent channel the Pass above with 
depths from 100 ft., channel 1300 ft. width, without 
cost, and had also added some 150 sq. miles rich, fast land the 
territory the State and Nation through crevasses now being closed. 

The attempt open deep-water harbor Cold Spring Inlet, 
J., two jetties about 700 ft. apart and mile long, which has 
resulted channel ft. deep mean low water, cost more 
than might have been saved. Many other instances the 
practical application the general principles enunciated the paper 
might cited, but these few should suffice point the moral 
the great possibilities securing better results less cost and 
without artificial aid, recognition the fact that sand heavier 
than water, that the breakers are the most potent agencies trans- 
porting it, and the flood-tide the great propelling force, while, when 
once deposited, current unaccompanied breakers impotent 
disturb unless reaction eddy set some resisting 
medium adjusted cause erosion. 

Furthermore, would seem pertinent this time direct 
the attention Members this Society the paramount importance 
giving due weight these dynamic forces, which are vital the 
restoration our former commercial supremacy re-opening the 
channels the sea, state that the plan now proposed for the creation 
and maintenance the entrance one the greatest engineering 
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enterprises earth does not seem have been adapted protect 
the channel from the action the off-shore forces. These must 
create extensive shoaling directly across the path navigation, and 
the extensive breakwaters will not prevent but rather augment it, 
requiring constant and expensive dredging remove. This may 
avoided the first instance much less cost. 

Much might added the movements the ebb thalweg 
over the outer bars entrances and the necessity arresting the 
which produce them, that the location the channel may 
made permanent; but the whole problem has been presented fully 
previous discussions the the Society and elsewhere, 
that will suffice refer them for further information. 
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Frep Lavis, Am. Soc. E.—The author states that his 


confined discussion the methods which should used 


arriving correct figure cost reproduction and depreciation,” 
and that “it does not take questions involving the propriety those 
figures when reached.” far this concerned, probably 
the most complete compilation the available information this 
phase the subject which has appeared print. The author 
“refuses recognize that the consideration the so-called intangible 
values has any place physical valuation.” As, however, there 
exists such widespread feeling, especially among those interested 
railroads, that physical valuations, for any purpose whatever, are 
absolutely useless, because these intangible values are not cannot 
included, does not seem out place refer this phase 
the subject this time, and more especially view the fact that 
many persons, the prominence whose position entitles them con- 
sideration, have taken this point view very recently, and their 
remarks have received considerable publicity. Not more than two 
weeks ago, Judge Lovett, the head the Harriman System, expressed 
the opinion that the theory valuing railroad property trying 


*This discussion (of the paper Henry Earle Riggs, Am. Soc. E., printed 
Proceedings for November, 1910, and presented the meeting January 4th, 1911), printed 
Proceedings order that the views expressed may brought before all members for fur- 
ther discussion. 
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determine the cost reproduction was utterly impractical. seems 
important, therefore, that we, engineers, interested having the 
question properly understood, should careful, referring valua- 
tion, make plain that other features besides the the 
physical property are receive due consideration. The speaker, there- 
fore, proposes examine some the arguments advanced the 
opponents valuation see the objections most generally brought 
forward are insuperable. 

Some critics valuation far say that engineers cannot 
make close valuation even the purely physical property. For 
instance, Mr. Williams, Vice-President the Delaware and 
Hudson Company, paper this subject,* states that: 


“No engineer estimating the several important items con- 
struction work for the year will come within per cent. the total 


aggregate cost. Many the more important items are frequently 
underestimated per cent.” 


cites, especially good illustration, the Panama Canal, the 
original estimate the cost which was though the 
present estimate Almost everyone who has kept 
touch with that subject knows why the Panama Canal has cost more 
than the original estimates, and that the greater cost reflection 
the judgment the engineers who made such estimates. One 
cannot always foresee what changes plans may made before con- 
struction completed, and would hardly expect the estimates the 
cost railroad adequate they were made for single-track 
road and double-track was built. any event, there vast 
difference estimating the cost engineering work already com- 
pleted and one which has yet started, the difference being largely 
favor closer estimate the completed work. 

Limitations are often placed engineers, connection with work 
they do, which are afterward forgotten. The speaker was asked not 
long ago prepare report connection with the valuation 
large railroad property. The time within which the results were 
required was very limited, and the methods used the valuation 
necessarily had the inventory method and 
reliance, great many matters, the judgment those making 
the appraisal. Undoubtedly the result obtained was entirely adequate 
for the purpose for which was required, but would hardly stand 
attempt were made use basis for argument before Court 
law publie service commission, though would not beyond 
the range the experience many engineers, have matter this 
kind brought forward some time the future absolute statement 
fact, with reference the way which the work was done. 


Electric Railway Journal, January 8th, 1910, 76. 
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inevitable, course, that engineers will differ their opinions mr. 


some details methods making inventory the property 
railroad other public service corporation, and also exactly 
what unit prices should applied, but general safe say 
that any engineer proper experience and training can make satis- 
factory appraisal the value the physical property railroad, 
and that two more such competent fair-minded engineers, 
unhampered any consideration the purpose for which 
made, should make such appraisal, the variation the result would 
small negligible. The speaker, however, does not entirely 
agree with the author, that the purpose for which the appraisal 
used, should entirely ignored those who are making it. 
There can little doubt the propriety using properly made 
physical valuation basis for taxation, information for the 
owners, although there may some the methods whereby the 
intangible values are determined these cases, even 
whether they should considered all. The greatest difference 
opinion arises when attempt made regulate the issue stocks 
and bonds, fix the rates which should charged for transporta- 
tion, the basis physical valuation. 

Arguments for and against rate regulation revolve circle, and, 
apparently, there starting point which will satisfy every one. 
The Courts have ruled that the railroads are entitled such rates 
will enable them earn fair return the value their property; 
the railroads claim that the only way determine this value 
the basis the earning capacity; that is, one side claims that the 
rates must based the value and the other that the value should 
based the rates. evident, however, this time that the 
railroads must submit regulation, therefore way must found 
break into the circle, and would seem incumbent them 
direct their energies along lines which will tend make such 
regulation fair and just rather than oppose entirely. There 
little claim that unduly large dividends are paid, but there feeling 
the mind the public that the railroads are over-capitalized. 
not possible, therefore, break into the circle this point, and 
decide, means proper valuation, the fairness otherwise 
the capitalization? The objection this, the part the rail- 
roads, that the value the purely physical elements 
means the whole value their property, but that something should 
added for the so-called intangible values. 

emphasize the difficulties appraising the intangible values 
any way which will permit the application such value the 
defermination rates for transportation, the opponents physical 
valuation cite what now the familiar instance two mythical roads 
between the same termini, the first with good alignment and easy 
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mr. grades following valley, and the second forced into the mountains, 
Lavis. h 


ing not only heavier grades and more curvature with consequently 
higher cost operation, but also more expensive construction. The 
value the purely physical features the former, course, would 
much less than those the latter, but its actual value property 
would greater. How then should the rates the two roads 
fixed? The fallacy using this example argument against 
physical valuation basis for rate-making assuming that there 
would two railroads built under such circumstances, with other 
features than the two termini and the line between. 

One has only call mind such examples competing lines 
those the Denver and Rio Grande between Denver and Salt Lake, 
the Union Pacific between Cheyenne and Ogden, the Lackawanna and 
New York Central between New York and Buffalo, many others, 
realize that there are, all roads this nature, many other 
factors than the actual cost operating through trains between the 
termini, which determine the through rates. 

One would hardly suppose that this late date any one believes 
that proposed use only the value the purely physical property 
railroads basis for rate regulation, yet the New York Sun, 
paper national prominence and usually most ably edited, devoted 
column its editorial page* discussion intended show that 
rate regulation, based physical valuation alone, was impossibility. 
addition citing the example given above, the following put 
forward the reductio absurdum the argument for rate regula- 
tion based physical valuation. said: 


“Suppose there are two bridges over the Ohio, the cost the con- 
struction each being the same, one between Cincinnati and Newport 
and the other twenty miles below where there nothing but village 
either shore. what basis would the proponents 
physical valuation, the determining value rate making, adjust 
charge these respective 

The example far-fetched, and way applicable the ques- 
tion the adjustment rates railroads, but inasmuch 
seriously put forward from responsible source, seems worth while 
consider it. 

Assuming, apparently the propounder does, that the proposition 
uncomplicated any questions franchises, rights the 
land which the bridge and its approaches are built, then there 
question but that the owners either bridge have perfect right 
charge what toll they please. the other hand, suppose the per- 
mission the War Department, some other governing body, had 
optained order build piers the river, even build the 
bridge all; the argument used asking for this permission that 
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certain streets for the approaches, again used the argument public 
convenience, and on. These privileges are granted the tacit 
understanding, least, that the public convenience served, 
and the Courts rule that, such cases, consideration the equity 
which the public has the property reason the rights granted, 
fair return the value the property, but more, should the 
basis for establishing the rates toll. Would the Sun claim that the 
value the rights and franchises given the public such case, 
included the value these bridges, and that higher total 
income should derived from one bridge than the other because the 
value the streets which the approaches had been built greater 
one case than the other; that greater income should derived 
one case than another because the cities furnish more people than 
the villages? there any particular reason, except for the slightly 
larger depreciation and cost maintenance, and, bearing mind the 
fact that both bridges cost the same, why, there ten times the 
traffic one bridge than the other, the toll should not propor- 
tioned accordingly, provide the same income each? 

the Sun had imagined bridge built private individuals with 
their own money, between two villages, the inhabitants which, 
the time the bridge was built having been willing grant almost 
any franchises privileges order get the bridge, the villages 
course time growing large cities, and the old bridge having been 
replaced heavier modern structure, the example might have been 
more nearly comparable the railroad situation. this case, the 
original toll, say cents head, may have, the early days, only 
barely returned meager rate interest the investment, even for 
some years resulted deficit. Would the Sun uphold the owners 
the bridge if, since the villages have grown cities, they still insisted 
collecting the original toll, could shown that new bridge 
could built and would paying investment with toll of, say, 
except for the fact that the original bridge was built the 
only location where was practical build bridge all? 
reasonable say that the foresight and energy the owners the 
bridge, even though may have been one the principal factors 
enabling the villages grow into cities, entitles them capitalize 
their enterprise the basis 10-cent cannot denied 
that the energy and foresight the original builders should 
recognized fixing the rate toll, but there limit the value 
this, and because the feeling the part the general 
that the capitalization similar intangible values the part 
the railroads and other service corporations too large, which, 
whether true not, has caused the present agitation against them. 
the capitalization reasonable, there must some way demonstrate 
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the fact, and seems properly made physical valuation, with 
due allowance for the intangible values, least step the right 
direction. 

The Sun states its editorial that: 

“The scheme physical valuation, basis for rate making, 
flatly rejected unworkable practically all the ablest railway authori- 
ties the country, and that the only true measure value the earn- 
ing capacity. quote only Dr. Emory Johnson, 
who generally regarded authority and not any means 
predisposed favor the public against the railroads, find that 
states his ‘American Railway Transportation’ that ‘The earning 
capacity the railroad cannot equitably logically made the sole 
criterion value, because the rates, and hence the earnings, should 
depend some extent, least, upon the amount capital justly 
entitled 

would seem self-evident that the earnings alone, either 
gross net, are not necessarily indication the value the road. 
Gross earnings are not, because, minimum proportion them 
used for maintenance and betterment, the value the property will 
steadily decrease; whereas, the opposite policy followed, will 
increase. the same principle, the net earnings offer criterion 
the manner which the property has been kept up, and alone are, 
therefore, measure its true value. 

example the arguments used some the opponents 
physical valuation, the following quotations are made from 
article Mr. Henry Fink, Chairman the Board the Norfolk 
and Western Railway.* the fluctuation the costs 
construction, says: 

“As the cost materials and labor fluctuates follows 
that what may fair valuation railroad one year may not 
one two years later. Hence, would necessary make new 
valuations from time time.” 

Further, the same article, referring valuation based the 
market value bonds and stocks, says: 

“Unlike the physical valuation, this method has rational basis. 
true that prices stock fluctuate—at times violently— 
but this difficulty can overcome measure using the average 
prices for long periods.” 

strange that did not occur able man Mr. Fink 
that the value the physical property might also based average 
prices for long periods; the cost railroad construction and equipment 
whole does not fluctuate nearly violently the stock market. 

The report “The Basis Unit Prices,”+ Pence, Am. 
E., the Engineer the Wisconsin Railroad Commission, 


* Railroad Age Gazette, July 24th, 1908, p. 587. 
Engineering News, June 16th, 1910, 697. 
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connection with the Appleton Water-works case, excellent Mr. 


example fair and impartial study this phase the subject, and 
the the Commission this matter can only regarded 


reasonable any one who disposed all fair-minded. 
says: 


the standard which the reasonableness charges 
determined should fluctuate with the market prices material, labor 
and land, schedule rates could established for any length 
time, for, under the circumstances, rate that would reasonable 
to-day might very unreasonable to-morrow. The principles the 


law applicable the subject certainly involve such absurd 
consequences.” 


Another instance argument based technicalities found 


the Railway Age Gazette.* editorial Valuation and Rate 
Regulation, said: 


has been supposed the past that rate-making exercise 
judgment. seems assumed many that after valuation 
has been made will merely exercise mathematics. Suppose 
the value railway for state purposes Then, this 
theory, all that will have done will multiply this amount 
per cent.—or whatever may regarded fair return—and 
adjust the rates enable the road earn, say, year,” 
but, the writer goes ask, “how are the specific rates 
great majority those who advocate valuation say that they should 
based the cost the service. The proper method, then, would 
ascertain the exact cost hauling each commodity and then base 


rates these ascertained costs, making them just high enough 
allow the road fair return.” 


Then the article goes point out the difficulties doing this, 
which course all know, and finally concludes that: “The theory 
basing rates absolutely the cost service unjust and im- 
practicable.” the present state the art this probably true, but 
why necessary change the present theory rate-making 
because the rates are lowered raised? If, for instance, 
shown that necessary reduce the rates sufficiently that the 
net earnings will reduced, say, approximately 10%, beyond the 
capacity the officials railroad adjust their rates 
accordingly 

editorial another part this same issue the Gazette 
the raising rates meet higher prices supplies and 
them, and, even though were necessary base rates the cost 
service, does not seem that would entirely impractical, 
inasmuch the whole argument advanced for raising the com- 
mutation rates the railroads entering New York City. Will the 


March 4th, 1910. 
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Gazette say that the arguments put forward these railroads are all 
‘wrong? Mr. Fink, the article* already referred to, states: 
cannot said that railroads make tariffs; they can 
only adjust them varying conditions.” 
*% * * * * * * * * 


“Adjusting freight rates practical work men who have special 
training for and large experience. They may not all able 
explain underlying principles, such the value service, but they 
have used this principle for years, and apply intuitively every 
case which comes before them.” 


Surely this body men equal whatever adjustment may 
necessary. will probably never arranged suit every indi- 
vidual shipper; but the people, whole, believe that the railroads 
are fairly capitalized reasonable basis value, and the rates, 
the aggregate, are adjusted that unduly high profits are not 
made, individual complaints injustice may easily taken care of. 

The most important considerations affecting the regulation rail- 
road rates arise attempting fix the amount which shall con- 
sidered fair return the investment. certain rate interest 
fixed the maximum which may earned, all incentive toward 
improvement progress removed. The effect this would be, 
course, retard all development. Once railroad was earning its 
legal rate interest, there would necessity cutting down 
grades, building larger locomotives handle larger trains, investigat- 
ing the economics operation and location, order introduce the 
thousand and one economies which are being developed day day, 
for our railroad presidents lie awake nights thinking how they are 
save that million dollars day for the benefit the always ungrate- 
ful shipper. This objection against rate regulation, and incidentally 
against physical valuation, can undoubtedly overcome. One proposal 
which has been made somewhat along the lines which 
proposed finance the New York Subways, the profits divided 
between the railroads and the State, after certain rate interest 
had been earned. There nothing novel about this, several railroad 
charters have been granted with provision that all earnings, over 
amount necessary provide certain rate interest, should 
paid the State. Another that the reasonable rate 
return fixed percentage the gross income, irrespective the 
amount capital required produce it. There are probably other 
ways which this might worked out and adjusted, and this phase 
the subject surely does not present any insuperable objections. 

That the railroads have little fear, regard capitalization, 
from properly made valuation, shown the results the State 


Railroad Age Gazette, July 31st, 1908, 627. 
Engineering-Contracting, May 25th, 1910, 468 
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Washington, where the valuation was undertaken solely for the 
purpose fixing rates, the result being determination the market 
value the three principal railroads the Northern 
Pacific, Great Northern, and Oregon Railroad and Navigation Com- 
pany—at amount considerably excess their capitalization.* 
true that rates were lowered this case some commodities, 
but does not necessarily follow that every change rates the 
basis valuation must toward lower scale. rates are 
low and have stayed low while the cost everything else has been 
raised, and yet, while this fact well known the general public, they 
still believe that, some way another, the railroads are getting 
have been getting more than their proper share profits. Evidently 
there something wrong somewhere, and not going set 
right calling the public fools and ridiculing their presumption for 
meddling any way with railroad affairs. Mr. Whitridge, the 
Receiver the Third Avenue Railroad, New York, while 
that had only just discovered that there was such thing valua- 


tion, the same time held the whole scheme ridicule, though 
admitted that: 


“The people this country have, think wisely, made their 
minds, consequence great corporate abuses, that public service 
corporations should subject regulation, ete.” 


nevertheless ridicules the efforts the authorities, particularly 
their endeavors the matter valuation, with its “irreverence for 


facts.” seem, says, “to singing the song the Banderlog 
who dreamed 


noble, grand, and good 

Valuation, however, has gone far beyond the point where can 
considered visionary scheme, can held ridicule; and 
has been worked out far enough show, least, that there 
rational basis, which determination values can made, which 
will justice both sides; furthermore, the Supreme Court the 
United States has not only ruled that valuation must necessarily 
precedent rate regulation, but has gone far specify 
least some the elements which must taken into account, and 
may worth while noting that, spite the author’s criticisms 
the Washington State Valuation, the only one, thus far, 
which attempt has been made comply with the rules laid down 
this Court. The results Washington, however, indicate clearly 
the need regulation the railroads, whole, and not varied 
regulation individual States the parts systems within the 
borders each. 


Railway Age Gazette, March 4th, 1910, 487. 
Electric Railway Journal, January 15th, 1910, 110. 
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Arguments either side can prolonged indefinitely, and many 
goods reasons for and against physical valuation are advanced from 
time time, just they may any proposition. Some the 
principal objections have been referred here endeavor show 
that they are not insuperable, the point which concerns now that 
to-day are confronted with fact and not theory, and that fact 
that the railroads are going regulated, and that their proper 
development held back and general business hampered the 
feeling uncertainty the outcome. Physical valuation not 
panacea for all evils, but properly made valuation the physical 
elements, with due allowance for the intangible values, based 
possibly some such method that developed the Washington 
State Commission Professor Adams Michigan, surely 
good way. breaking into the circle argument any that has 
been proposed thus far. 

The equipment freight trains with air brakes and safety 
couplers was practically forced the railroads the pressure 
opinion led laymen, yet one will hardly find railroad man 
now who will not admit that this good practice, not only from the 
standpoint safe operation, but from that economy well. The 
early attitude the railroads this matter already being quoted 
the advocates valuation, and inasmuch have admit, 
surely do, that start going made somewhere along the line 
obtaining some more definite information regard the true 
relation the value, capital, and profits, railroad properties, than 
the mere statement the railroads themselves that they are all that 
good and fair, would not wise their part all they can 
have the start made properly rather than oppose it? Some the 
most prominent and progressive railroad men the country have 
already arrived the point believing and saying that regulation 
properly carried out may not unmixed evil, fact, would prob- 
ably beneficial, but they still balk valuation, without, however, 
suggesting any other means whereby the general public obtain 
the information which base intelligent opinion how such 
regulation carried out. 

The speaker does not for moment underestimate the difficulties 
the determination the intangible values, forget the 
difference between the problem presented the comparatively new 
lines the State Washington and valuation of, say, the Pennsyl- 
vania Railroad the New York Central. one who gives any real 
thought the problem pretends that the value railroad the 
value its purely physical property; but, because the matter 
determining the intangible values difficult and complicated, 
necessary that should sit back and fold our hands and say “it can’t 
done”; that the whole country there man body men, 
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engineers, you please, with brains and ability enough solve the 
problem? for cost, not worth $10 000 000, which more than 
$40 per mile for all the railroads the country, about three times 
much the cost the most careful appraisals yet made, have 
the question put once and for all stable basis, satisfactory all, 
the problem approached fair, broad-minded, common-sense 
way, engineers big enough command the respect both sides? 
Aside from the question rate regulation, not worth this much 
the railroads the country able actually prove that the 
amounts which they are capitalized are reasonable, the great 
majority cases they probably are? 

There are one two points which, seems the speaker, cannot 
too strongly emphasized: 

First, that valuations properly made may the means whereby 
confidence may restored, not only the mind the general public, 
but that the investor; but, order obtain this result, the 
railroads should urge, with all the power they possess, the necessity 
having such valuations made body men, some whom, 
least, should engineers, big enough entitle their opinions the 
respect both sides, and thoroughly qualified training and experi- 
ence for the work. 

Second, that, far possible, regulation should general 
national, avoid the complication dividing all roads the 
State lines, and having different regulations different States. 

Third, that there need not necessarily any relation between rate 
regulation and rate-making. regulation can well confined 
rates the aggregate, rate-making applies the adjustment 
individual rates, and must necessarily the work men well versed 
all the varied elements which control and the particular conditions 
affecting the business each particular road. The speaker believes 
that valuations made this way and with these objects view will 
harm the railroads, and will much restore confidence 
and give the much needed peace and quietness carry out necessary 
development. 


able and timely paper great interest and worth all concerned 
with the matter values, whether service corporation prop- 
erty, other property; and what engineer not concerned with 
values 

One cannot but wish that index accompanied the paper, its 
usefulness would thereby greatly increased, particularly as, its 
arrangement, such subjects depreciation, non-physical values, 
are treated many different portions the paper. 

The Wisdom Having Physical hard under- 
stand how any thoughtful person can now doubt this, for are 
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period regulation and taxation public service corporations, and 
the only question whether they shall regulated and taxed with 
full understanding the investment involved, arbitrary methods, 
such the cents per mile passenger rate, which has been popular 
many States, under widely different conditions and irrespective 
the cost the service. 

The time would seem have arrived when the thoughtful public 
service corporation manager welcome fair valuation the 
company’s property, protection against legislation conceived 
ignorance the capital invested. 

Relation Between Railroads and Other Properties—The relation 
between appraisals railroad and water, gas, and traction com- 
panies very close, and the same general principles apply. the 
former, however, complicated more often the fact that the 
lines railroad extend through many States, with terminals one 
two, and, further, that the railroads have many subsidiary, con- 
trolled, dependent companies, such coal, lighterage, terminal, car, 
warehouse, contracting, elevator, stock yard, and supply companies, 
often owned, wholly part, men the railroad management. 
Agreements with these companies may greatly affect the non-physical 
values, determined the methods advocated this paper, which 
may otherwise sound. 

Valuation All author says that the valuation 
all railroad properties the country “would interest.” 
would more; would value infinitely greater than the cost. 
The mere presence light prevents many vices, and this true 
corporation practices the streets. accord with Dr. 
Woodrow Wilson’s “pitiless publicity”; and, which is, perhaps, more 
important, the basis, should be, all legislation concerning 
the regulations these great highways. 

One and Only One Fair Mr. Riggs’ paper 
more value than his insistence that there one and only one fair 
value the physical property railroad, matter for what 
purpose used. How futile are the misdirected efforts 
those who would have otherwise, for, matter what the purpose 
the appraisal may be, who can foresee the use that may made 
when becomes public property 

Cost reproduction less depreciation seems 
the established method—that recognized the Courts—for 
arriving the value the physical property. Cost, the author 
contends, can only element determining the present value, 
for the owner stone bridge has much right any appreciation 
the value masonry the owner land has the increased 
value his property; and, though the cost early the life the 
structure usually near its value, may lose that position. 
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relation exists between the value the Pyramid Cheops and its cost? 
Now, then, our unit measure value changing. Cost certainly 
historic interest, but present value the subject for present uses. 

The points favor inspection determine the physical condi- 
tion the object valued are convincing, where the structure may 
readily inspected. Mortality tables mean little without history 
maintenance. With perfect maintenance there would physical 
depreciation. 

Maintenance versus Depreciation—Depreciation and maintenance 
are interdependent, much that some engineers have advocated 
dropping the term, “depreciation,” and substituting “deferred mainte- 
nance.” little thought will make this clear. While this term would 
not apply the case single rail car, not illogical when 
applied system, built and renewed piecemeal and maintained 
certain standard usefulness, that is, all well-managed under- 
takings magnitude, units are constantly being replaced, thus main- 
taining standard efficiency. This standard, the entire system, 
usually found between and 90% the cost reproduction. 
Some items are even improved, and the cost charged the mainte- 
nance account, such that referred the paper “consolidation 
and adaptation” roadbed, and only few, such steel rails, steadily 
and progressively become less useful, and even these have bottom 
value, that scrap steel. Nor are examples numerous where all the 
rails are laid one time, and they are extremely rare where all are 
replaced approximately the same time. When the rails street 
section are renewed, the cost cannot properly charged capital 
account, except far the new rails are more valuable type 
than the old ones; for, this were done, there would limit 
the capitalization time goes on. Furthermore, the moment 
admitted that, reason change the art, may have deprecia- 
tion through obsolescence, admit that through change art 
may have appreciation through the opposite obsolescence. This 
being the case, the use “mortality tables” determine present 
value misleading, unless done with the full itemized accounts 
maintenance, which are seldom, ever, available. The author’s 
position regard the need inspection each item well taken. 

Dead versus Live perhaps, are not happy ex- 
pressions, but they serve emphasize vital which must 
made the valuation properties. The difference may 
great between corpse and man; here, also, the distinction 
hard define. say the soul has departed, the spark life 
extinguished, but these expressions not contain satisfactory 
scientific definition. So, Mr. Riggs points out, the physical property 
going business may not valued much junk, even the 
non-physical values are determined separately. 
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contract, something often forgotten, both the public and cor- 
porations. The speaker, however, understands this only mean, even 
where the franchise perpetuity, that the property the corpora- 
tion cannot taken for public use without just compensation. 
sense, then, there can such thing perpetual franchise. Using 
the word franchise with its restricted meaning, the unreasonableness 
the rates may measured the value the franchise. 

Physical versus Non-Physical following division has 
been made the author between physical and non-physical property, 
for the purpose valuation: 


“That the Physical Value, present value the physical property, 
should fairly represent the actual capital invested the property 
the date appraisal; that should made the sum the 
various elements which constitute the cost reproducing the property 
together with any appreciation which may have been added any 
them, less all depreciation. 

“That the Non-Physical Value the difference between the ‘fair 
value’ defined the Courts, the reasonable value the property 
business producing property, and the physical value, actual 
present worth; and that the only proper method for determining such 
values involves study income accounts. 

“This Non-Physical Value may be: positive, value excess 
the physical property, negative, less than the physical value. 
the case property having negative intangible value, deduc- 
tion should made from the physical value.” 


This division convenient but arbitrary. the division 
engineer rather than economist; for these so-called non- 
physical values are like the breath man’s life; without them, 
the physical value like the discarded body. Again, the use 
negative non-physical values, while convenient, may not wholly 
logical. These remarks are not directed Mr. Riggs, for careful 
say that dealing only with active enterprises, and not with 
those which are inert, and the speaker realizes that not attempting 
primarily build logical argument, but formulate certain 
rules overcome practical difficulties met all who have attempted 
valuation work. many who have not given this matter much 
thought are apt misled the distinction made between physical 
and non-physical values, they should bear mind that the line between 
them like the equator, imaginary one. 

water much part the cost putting that 
line there the rails,” remarked corporation official, admirable 
character and wide experience, pointing trolley line from the 
window Pullman car; and, bearing mind what meant 
“water,” this undoubtedly so. The cost promoting the enterprise, 
the discount the hazard, the loss interest during its infancy, the 
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labor building the undertaking—these are all real elements 
cost, and may remain the property value, but, like all other 
items cost, they have their reasonable limits, which, each indi- 
vidual case, can determined within narrow bounds. 

Purpose Mr. Riggs points out, there are four 
reasons for valuation: Taxation, rate-making, purchase, and control 
the issue securities, one which usually the primary cause 
for the valuation being made; and argues that there can but one 
“fair value” the physical property, whichever these reasons may 
prompt the appraisal. This fundamental, for “fair value” used 
the sense true value, which, the writer, seems more 
apt expression. rather surprising that does not appear the 
paper. Its use, course, old; the Constitution New Jersey, 
1875, find: “Property shall assessed for taxes under gencral 
laws, and uniform rules, according the true value.” Each the 
three matters, taxes, rates, and authorized capitalization, are inter- 
dependent and, the long run, cannot considered separately. This 
emphasized reductio absurdum: Modern civilization 
dependent transportation rail that unquestionably all taxes 
could raised assessment the railroads, these roads were 
allowed fix their rates and were protected the collection them; 
but how would this method differ from that the Romans, farming 
out the collection taxes? Not materially, and one advocates 
return that method. This absurd, but serves emphasize 
the relation between taxes and rates. Taxes can only come from the 
rates. 

Overhead Charges versus Unit much various 
parts this paper concerning overhead charges, but very little about 
the items considered determining the unit values unit prices 
used; and does not the latter greatly affect the former? For example, 
discussing the Michigan appraisal, the author says: 

“For many items, such clearing, grubbing, earthwork, masonry, 
the price was fixed agreement during the discussion figure 
which represented the fair average cost this particular item during 
the 5-year period preceding the appraisal.” 

The “fair average cost” under what conditions? This word “cost” 
understood different men many different ways the word 
value. Mr. Riggs very clearly gives the items included “fair 
value” finally arrived him, but would seem 
important define “fair cost” used arriving the unit prices, 
for otherwise the chain has weak link. 

What may considered fair cost per unit measure for 
particular item differs greatly: First, with the point view and 
breadth horizon the man stating such cost; and second, with the 
methods letting contracts and accounting with which may 
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familiar, applied such items work. the first, 
fair average unit cost may mean one thing contractor, another 
division engineer, still another chief engineer, and fourth 
manager consulting engineer; and because the second, the 
understanding the term may differ among men the same class. 
All this quite aside from what may termed the personal equation 
the individual. Thus the subject overhead charges can only 
discussed profitably the light knowledge concerning what has 
already been included fixing the unit prices used. For example, 
the element hazard common all construction, but differing 
degree different classes work, may included the unit cost 
used, may added percentage resulting sums, but 
cannot rightly included twice. This equally true other elements 
cost similar character. 

The foregoing pertinent, for any valuation will probably 
attacked the Courts, and the unit values will one the most 
tempting points for assault, for the very reason that this wide differ- 
ence understanding regard cost, and particularly regard 
unit costs, exists. This same difference understanding usually 
the reason for the wide difference unit costs testified able 
engineers and, consequently, for the distrust often felt for such testi- 
mony. The methods followed taking expert testimony usually work 
make “confusion worse confounded.” The judge layman, hearing 
two engineers testify widely different unit prices fair average 
cost for certain work, forms low opinion their judgment, worse, 
whereas the real difficulty may, and usually does, lie different 
understanding the meaning the term “cost,” “unit cost.” 
the speaker, this seems the weakest point admirable paper. 

the value the paving between and for space 
outside the tracks element value street-car line, 
whether the cost incidental the construction and maintenance 
the nature tax, much disputed point all valuations street- 
railway properties, and important one, for may amount 
$15 000, more, per mile. interesting remember that the 
custom requiring street-railway companies maintain the pavement 
between its rails and for space about ft. outside them, which 
has become developed during the use horses draw 
the cars, the animals causing great wear that portion the street. 
This question values difficult one. would seem that the most 
tenable position that: the fee the pavement not the com- 
pany, and the rule concerning cost reproduction less depreciation 
followed, the cost taking and relaying the pavement 
element value the physical worth the track, for would 
impossible reproduce the track without incurring the cost such 
work. 
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scope this paper admirable. The author’s views and 
are unusually sound, clear, and forcibly expressed. one minor 
detail, however, the writer unable subscribe. Referring “the 
physical property element value,” states that: 


“This consisted those things which are visible and tangible, 
capable being inventoried, their cost reproduction determined, 
their depreciation measured, and without which the property would 
unable produce the commodity the sale which income depends.” 


Take the case industrial spur for some minor industry along 
line railroad. often question the minds the manage- 
ment whether not the car-load business done such enterprise 
sufficient quantity warrant the expense spur track. There 
are probably other facilities the neighborhood which could used 
take care this business the expense some inconvenience; 
large proportion cases, the railroad will handle the business any- 
way, and the spur can sense called necessity. Still, visible, 
tangible, and capable being inventoried, and should included 
inventory the property the same any track section track 
belonging the Company. This may also said extra settling 
basin filter bed the case water-works plant. such basin 
bed were not existence, and leak should occur the original 
plant, the business supplying water its customers could, all 
probability, carried along some manner until the break could 
repaired; nevertheless, such tank bed desirable, and its value 
should most certainly included inventory. 

Take the extreme case piece machinery which utterly 
broken down far out date entirely worthless for the 
purposes for which was designed. Yet such machinery has, 
least, scrap value, and such should included the inventory 
part the tangible assets the concern the date question. 

course, many instances, certain interests endeavor have 
inventoried items which should either omitted altogether included 
much reduced valuation from that sought placed them, 
and, such the very best judgment the appraising engineer 
must called into play order that injustice may not done 
either party; but say, Mr. Riggs’ definition virtually does, that 
nothing should inventoried which can, either with without incon- 
venience, dispensed with, absurd, and the writer does not believe 
that such the meaning the author intended convey. Probably, 
the word “economically” were inserted the definition, would more 
nearly represent the proper idea. 


thorough and painstaking paper Mr. Riggs states that confined 
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discussion methods for arriving correct figure cost, and 
disclaims any intention considering the propriety using said 
figure when reached. 

Inasmuch, however, devotes the next eight ten pages 
dissertation law, political economy, rate-making, finance, and 
advice railroad employees, with word encouragement the 
good, and firm reproof the bad ones, fair assume that 
intends this disclaimer Pickwickian sense, and that the real 
intent the paper show that the physical valuation property 
is, with certain determinative, corrective factors, proper standard for 
gauging taxation, bond issues, and kindred evils. 

not fact, however, that taxation based much more 
intangible structure, and that the net earnings must necessarily have 
more with than the physical valuation the property— 
whether that wicked public service corporation, that 
honest haymaker—rather what their property can produce, than 
what would cost produce the property? not rather battle 
business acumen between the taxer and taxee, battle which, among 
other things, regulated more less the fact that extreme 
either direction will bring disaster one both, followed the 
inevitable reaction and readjustment. 

Take, for instance, extreme case: manufactory erected 
comparatively worthless ground. million dollars more invested 
plant, with the result that surrounding real estate values 
with bound. Supposing that the manufacturer has not made any 
previous arrangements for immunity, and the assessors are both acute 
and honest, the property will taxed for large figure, which tax, 
the factory making money, will paid, with more less grum- 
bling, the economical breaking point. Suppose that, owing 
sudden permanent change business conditions, becomes impossible 
operate this plant, and abandoned. corps experts may 
thrown into the mill, before the last employee has left the building, 
and may carefully scrutinize and caliper the machinery, count the 
bricks the wall, tap the stay-bolts the boilers, and bore into the 
furniture see whether solid veneer, and when they are through 
and their figures are all in, they have not arrived anything that 
the slightest use basis for bond issue taxation, and very 
little that would use for sale. such extreme but 
means unheard case physical value bears relation real value. 

This not say that physical valuation without worth, and 
even great worth some cases; merely offered opinion that 
the physical value many and probably most instances, very 
treacherous guide the real value—a far poorer guide, general 
rule, than the accounting department; minor quantity, fact. 

seems doubtful whether there scientific way arriving the 
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true value going property the physical-valuation route. There 
too large percentage values which, being intangible, are matters 
judgment. best, the determination value must that 
opinion, and the worth that opinion hinges principally the 
practical qualifications and disinterestedness the person who gives it. 

Unfortunately, fortunately, the point view may be, the 
disinterested person not apt qualified, nor the qualified person 
disinterested, and seems extremely probable the writer that, 
while weapons may changed and excuses vary, the tax war will 
waged yore, and the fool and his money will continue along 
diverging paths until something more ingenious than physical valua- 
tion invented, however well the valuation may made. 


material differences opinion the principles which 
physical valuation should depend, such detailed description organi- 
zation and methods that presented the author should great 
service others undertaking similar investigations. 

may not amiss, however, mention certain features affecting 
the non-tangible should more fully considered any 
general discussion the subject. 

The author attention one more particulars which 
the methods the Michigan appraisal may “fail method 
determining value for use basis rate-making.” Later, after 
quoting various court decisions, dismisses this phase the subject 
with the words: “In view these dicta, needless argue whether 

value for purposes rate-making might more properly called 
“permissible value.” writer holds brief for the corporations, 
and would not like fall under the imputation being “apparently 
incited by, either the direct interest corporations, 
effort confuse the subject valuations,” but will venture the 
following, which, while does not exactly represent any particular 
case, hoped may recognized illustration drawn from life. 

and their associates, being familiar with certain territory, 
its resources, transportation facilities, and growing development, be- 
lieve that the time has come build another railroad through their 
State States. They have made careful estimates the amount 
tonnage that may expected from the development its mines, 
timber, farms, and conclude follows: 

road, completed along the most approved lines, will 
cost, with equipment, $50 000 000. 

will take five years construct and equip the road and 
put fair running order. 

traffic, when fully developed according their hopes 
and expectations, will eventually afford usual tariffs handsome 
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profit, say, from 12% per annum the capital invested. This 
condition, they believe, all human probability will attained 
from years after completion. 

half the traffic anticipated will pay the 
investment. 

are obliged admit (though the chances this are 
remote their opinion negligible) that, due unforeseen 
causes, obstruction, competition, ete., there possibility that, has 
often happened the past, the enterprise may prove financial 
failure, that the period prosperity may postponed far into 
the future amount practically the same thing. 

Here bold undertaking; but were instead 
$50 000 000, the conditions would essentially the same. Neverthe- 
less, they have the courage their convictions and ahead. 

Now, with all the risks and uncertainties attending enterprise 
this sort, the ultimate profits were limited advance 
the capital invested, less depreciation, who but the Government 
itself could afford build railroad? 

Evidently, when existing railroad makes small additions from 
time time extend take care its business, the risk not 
great. Such extensions will continue more less under any 
limitations. 

For rate-making, evident that appraisal based earnings 
will utterly fail its purpose made during the lean years immedi- 
ately following construction. made some years later, when the 
property has begun pay, the risk and necessary financial loss the 
lean years should remembered, any one building road the 
future will necessarily have the same problems meet, together with 
the expenses interest, depreciation, loss from operation, both 
during the construction and the lean years following, all which 
must properly considered part the real cost constructing 
and developing property. 


tion the cost reproducing the property any steam railway 
involves, together with other items, estimate the present cost 


acquirement the right way, the extent, the 
form, and the location that held connection with the 
railway reproduced; 

Second.—The construction thereon the roadway, the form 
and dimensions, and the materials which the roadway 
reproduced exhibits; and 

seasoning and of. the roadway the state 
perfection which the roadway reproduced exhibits 
the time the estimate cost reproduction made. 
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The first conception, for fixing the cost the several items, 
consider the railway reproduced being non-existent the time 
the estimate made, but having the environment which then exists 
along the operated railway, although that environment may largely 
the railway’s own creating. The cost the right way 
fixed ungraded and unimproved property attached and forming 
part the adjoining improved property, which adjoining property 
will entitled receive, addition the market value the land 
taken, all consequential damages due the taking off the right 
way the form and location that the land has actually been taken, 
and for the purpose railway construction and operation. This 
adjoining property give credit the consequential damages for 
the incidental benefits which derives, any, from the construction 
and operation the railway. 

fixing these values, the drift public sentiment—the bias 
juries view and trial juries—at the time the estimate cost 
reproduction made must considered, since that sentiment may 
affect enormously the cost the right way. The amount paid 
for right way the end that which condemnation court will 
award. The question whether not the right way was 
originally donated can more enter into the determination the 
cost reproduction, for the purpose lessening the estimate cost 
the right way, than the fact that donations lands 
bonds (or convict labor and slave labor, the South prior 
1860) made governmental authority private enterprise, 
the time the original construction, can used reduce the repro- 
duction cost the excavation made the formation the roadway. 

rule the sale property for commercial purposes the 
vicinity operated railway can rightfully adapted covering 
the line whole. While the cost right way through farm 
timber lands bears general relation the value those for 
agriculture purposes, where improvements thereon bear but small 
proportion their total value, this relation wholly wanting 
the cost right way through village city any point 
where the improvements the property bear large proportion its 
total value. The relation also wanting where right way 
obtained through agricultural lands devoted special purposes, like 
that country homes for the rich. also wanting where the right 
way taken out the narrow river lands the Appalachian 
Mountains, where the total value the whole farm dependent 
the small acreage flat land along the river bank. The general rule 
prefixing constant the current selling price lands, order 
determine the estimated cost right way, should limited 
agricultural and timber lands, and those which, owing their 
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extent, the carving out the right way does not wholly destroy 
for the continuation agricultural and timber operations. 

For villages and cities, and for lands devoted adapted special 
purposes, accurate estimate the cost reproduction the right 


way can determined only specific investigation the condi- 


tions each community. While difficult conceive all the 
activities and sentiments which have growth in, from, and railway 
operation, being existence without the railway, only through 
such that one can estimate correctly the make-up 
the items cost reproducing railway such railway may now 
exist. assume that the railway, not existent for the purpose esti- 
mating the cost reproduction, will now receive the donations 
land and moneys that were made half century ago, merely going 
back determination what the road has actually cost; and that 
contrary the intent the theory the cost reproduction. 
The conception parallel line not correct, for imposes thereby 
properties which have already contributed the 
publie good, probably extreme extent, and gives abnormal 
cost for right way, shown when railway seeks enlarge its 
terminals crowded community, find new entrance into 
populous city. 

So, too, estimating the formation the roadway, one must 
consider the roadway reproduced being obliterated—all cuts 
and borrow-pits refilled, and all embankments and spoil banks removed 
from ‘the right way—but all other lines transportation, except 
the railway reproduced, must considered being existence 
they actually are the date the estimate cost reproduction 
made, and that such other lines transportation are available for 
bringing machinery, tools, teams, materials, and supplies for the 
assumption that the benefit the improved means and methods 
construction now prevalent can obtained; but not permissible 
estimate for the construction railway with different grades, 
alignment, roadbed, widths, with different materials than that the 
railway reproduced merely because such construction this day 
might actually cheaper better than construct exact 
duplication. For example, the rock cuts the roadway 


reproduced only ft. wide with slopes, one must not figure 


the greater economy steam-shovel excavation, because the steam 
shovel cannot worked cuts that width; nor can the spoil from 
such cuts carried long distances eliminate possible solid-rock 
borrow originally made elsewhere, because long hauls are practicable 
steam-shovel work, but wanting excavations where the mule the 
transportation force. So, too, not permissible estimate rein- 
forced concrete bridges take the place more costly cut-stone 
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arches, cut-stone arches are the structures that have been actually 
built. The idea cost reproduction not synonymous with the 
idea the cost building railway capable serving the same 
transportation purpose. all our railways were built anew, 
the light our present knowledge, and with our present traffic offerings 
and financial resources, vast changes would made the character 
construction. The physical fact existing construction prevents 
theoretical substitution what the best construction for any 
community, together with its costs for the construction which was 
actually made years ago. 

the event that estimate reproduction costs made for 
State whole, for great railway system whole, the con- 
ception reproduction modified that the construction may take 
the form progressive construction, the principal lines being built 
first and the less important lines afterward. This method will require 
the estimate for interest during the construction period greater. 

The money cost the seasoning and the adaptation the roadway 
such condition will permit heavy trains run high 
speeds, great, but the amount not readily ascertained. esti- 
mate cost reproduction, true, must consider this item; and 
probably the more usual method ascertaining assume 
amount some proportion the cost the excavation. This 
proportion will vary with the character the material through which 
and which the cuts and fills are made, and with the methods con- 
struction necessarily adopted. There are many railways which 
this cost will exceed 25% the total cost excavation. 

After the estimate has been made, including the item for seasoning 
and adaptation, there should added contingent fund cover the 
omitted work, consisting small borrow-pits and ditches, undetermined 
foundations, unexpected conditions encountered, unavoidable “force 
account” work, minor changes streams and highways, damages 
adjoining lands due the methods construction and diversion 
water, etc. This item will not exceed the cost the roadway 
the estimate accurately made. 

The more convenient form into which estimate cost repro- 
prescribed the Interstate Commerce Commission for Expenditure 
for Road. item given that accounting has place the 
estimate. These comments are confined the items covering the road- 
way, namely, Right Way and Station Grounds, Grading, Tunneling, 
Bridges, Trestles, and Culverts. 


Henry (by letter)—To the writer this paper 
seems the most complete and comprehensive discussion the 


general question valuation property invested service 
industries that has come under his notice. especially important 
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that summary the discussion this most difficult subject 
during the past ten years, and the writer thoroughly agrees with 
the general conclusions reached Mr. Riggs. 

There one point, however, which might possibly have been 
developed more completely, and that is, the treatment discounts, 
which presents itself from time time the general discussion. 
Mr. Riggs quotes with approval the following: 

“Tf company can market its 50-year, per cent. bonds per 
cent. par, means that the company’s credit per cent. 
basis; that could market like security paying per cent. 
par.” 

This is, course, correct far the mathematics the proposi- 
tion concerned, but seems overlook that peculiar psychology 
the market which enables corporation secure larger amount 
actual cash for given interest annuity when bonds are sold 
discount than when they are sold par. 

Aside, however, from the accuracy the above quotation and 
Mr. Riggs’ apparent acceptance the final word discounts, 
one may ask recognizes all the elements necessarily involved 
discussion the problems raised discount financiering. From the 
literature the subject one may read the following claims: Discount 
measure the risk involved new enterprise; discount 
market adjustment that reflects the current value money; discount 
sacrifice principal for slightly reduced interest annuity; 
discount dividend declared before the dividend earned; and 
many cases are cited which discount merely promoter’s fee 
for services rendered. 

The writer does not care discuss this time these various 
points view from which discounts may regarded. They are men- 
tioned merely suggest that the subject not simple some 
writers seem think. Any valuation public service industries, 
from whatever point view may regarded, must, from the 
nature the case, touch the problem fundamental equities; and 
one the elements this problem which has not yet been fully 
analyzed this element discounts. From the point view 
taxation such analysis not perhaps essential; but the valuation 

The writer sure this discussion will not construed any 
sense criticism Mr. Riggs’ paper; rather suggestion 
unwritten chapter the literature valuation. The American 
Society Civil Engineers congratulated securing from one 
its members complete and satisfactory discussion the princi- 
ples and methods for the valuation public service corporation 

property. 
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the railway property Michigan was wonderful performance 
great many ways, not the least which was the thoroughness the 
work, considering the short time available, and the writer desires 
express his appreciation this paper, valuable addition 
the meager literature this subject. 

More recent appraisals, made States traversed the same rail- 
way systems those involved the Michigan appraisal, have been 
made with freedom from opposition railway companies due the 
educational effect this pioneer work. Particularly this true the 
recently completed appraisal, the Board Railroad Commissioners 
South Dakota, the physical property the railways that 
State, which work the writer was the Engineer charge. 
opposition was met, fact, some the railway companies had estab- 
lished regular departments for furnishing inventories and appraisals, 
had completed the necessary field work South Dakota before the 
inventory had been requested the State, and were able furnish 
very complete appraisal short time after the request for 
was made. 

This appraisal was made compliance with act the Legisla- 
ture 1907, which required the Board Railroad Commissioners 
ascertain the true cash value all the property every railroad 
company South Dakota used the operation and maintenance 
their respective roads. attention was paid the purpose the 
appraisal, but one the first uses made the information thus secured 
was the litigation following the passage act the Legislature 
1909, prescribing maximum passenger fare cents per mile 
all railroads operating within the State. connection with rate 
this kind, some questions have been raised regarding proper 
bases for land values, the use item for adaptation and solidifica- 
tion element physical value, the value the intangible 
assets, 

The lands all railway companies were appraised cost 
reproduce re-purchase the time appraisal, regardless the 
original cost the property. The sales method was used for determin- 
ing the market value adjoining property. There has been very 
large land movement South Dakota the last five years, and 
most the country prairie, with similar soil over large areas, was 
not difficult determine the average market value the land for 
farm purposes, the date the appraisal, and the gradual trend 
values for five years previous that date. average multiple 
250% was used arrive the cost reproducing purchasing 
the right way. This multiple was based investigations made 
recent right-of-way purchases, and inasmuch there are large 
terminals South Dakota, the same average multiple 
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throughout the State for both town and farm property, investigation 
showing that town property could secured for slightly less and 
farm property for slightly more than the average multiple used. 

each supplemental appraisal the land values will corrected 
correspond the changes surrounding values, the railway 
company entitled any increase, due natural causes, based 
the cost reproduce the time appraisal. This well-estab- 
lished theory, shown Mr. Riggs. 

allowance was made for the item commonly known “adapta- 
tion and solidification,” except the item contingencies and 
the consideration the present value the ballast. some recent 
appraisals, large sums, percentage the cost grading, 
have been allowed for this item. While there question that 
large sums money are expended maintaining safe track 
new bank, and that this expense gradually diminishes the road- 
bed becomes solid, due the pounding the trains and the action 
the elements, this expense is, and properly so, charged main- 
tenance, and paid for out the operating revenues. Now, the 
trial rate case, exhibits showing the operating expenses, includ- 
ing maintenance charges, are introduced, and include this same item 
the appraisal the physical property leads duplication, for 
the passenger shipper pays for this maintenance charge, should 
not counted item physical value basis for determin- 
ing what reasonable rate. 

The case similar that locomotive; when new, kept 
the vicinity the shops, because trouble from lack proper adjust- 
ment and weak parts likely develop, and the maintenance charges 
may much higher than few months later when the machine has 
“found and, operating machine, more efficient than 
when new. However, one will insist that has added physical 
value dollars and cents, that the excess cost repairs and main- 
tenance during its early life should added its cost reproduc- 
tion now; fact, second-hand machine, and the maintenance 
charges must paid for out its use. 

Generally, when roadbed turned over the operating depart- 
ment the construction department, good line and sur- 
face, and appraisal were made that time its condition would 
100%; but soon placed under traffic, begins depre- 
ciate, shown the fact that requires constant attention 
keep up. the roadbed cross-sectioned each station and actual 
quantities from cross-section notes, there would depre- 
ciation, but the grading quantities are calculated from profiles 
the line, constructed some time previously, and for standard width 
sub-grade, with percentage added for shrinkage, and allowance 
made where banks have been widened, will probably found 
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exceed the actual measured quantities, because the action the 
elements washing the slopes, the wearing the shoulders the 
embankment due foot traffic, etc., will show some depreciation 
quantities. common practice carry the item for grading over 

the present-value column 100%, or, with depreciation. This 
practice, together with the present condition the ballast due 
maintenance, and that part contingencies which covers washing 
slopes, filling ditches, sink holes, certainly takes care all 
adaptation and solidification which should enter into valuation 
physical property. 

appraisal was made the intangible assets. great many 
arguments have been advanced for and against such appraisal, and 
South Dakota was held that the earning ability any corporation 
due its franchise, strategic location, efficient organization, going- 
concern value, while perhaps element value con- 
basis, should not enter into valuation which would used for 
determining just and reasonable return the investment, because 
the greater the earning power the greater would the return, and 
that this condition would produce never-ending increase returns; 
whereas, when the returns reach point which they will not 
only pay fair dividend the investment, but take care any 
depreciation the physical condition the property and make all 
needed improvements roadbed, buildings, and equipment, demanded 
the traveling public, shippers, increased traffic, natural causes, 
they should kept that point. There are several hundred miles 
railway South Dakota which have been built out the surplus 
earnings the parent corporation—in other words, with money sup- 
plied the traveling and shipping public, but which are owned the 
railways and which they may earn another surplus for construct- 
ing more extensions, etc., etc. 

The original South Dakota appraisal, June 30th, 1908, 
forms similar those used Minnesota, has been supplemented 
yearly appraisals corrected for all additions and deductions made dur- 
ing the fiscal year. For this purpose new set forms* was pre- 
pared, with the various items classed accordance with the “Classifica- 
tion Expenditures for Road and Equipment,” prescribed the 
Interstate Commerce Commission, and arranged facilitate 
showing the yearly changes. 


paper considered the writer the most complete treatise 
ever written the valuation public service corporation property, 
and the author deserves the sincere thanks the entire Engineering 
Profession and all others interested this most important question. 


convenient reference, set these forms filed the Library the Society. 
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Its presentation most timely, view the agitation, particularly 
the subject railroad valuation, which now engaging the atten- 
tion Congress and the law-making bodies the several States, 
contains much valuable information relative decisions Courts, 
addition clear and concise expositions the methods vogue 
for the appraisement corporate property, ete. 

cial bodies—that the prescription and regulation tolls, charges, and 
assessments against public corporations cannot systematic 
and intelligent unless there provided some estimate the value 
the property involved, based the cost its replacement reproduc- 
tion. this true railroads; and such regulation 
the affairs these corporations has heretofore been essayed 
State and National commissions, has generally been illogical bases, 
unsatisfactory alike the proponents and the companies. Results 
have been had, true, after fashion, but there have been endless 
disputes and litigation, with the prime questions involved nearer 
solution than before. One has but contemplate the varied and often 
antagonistic legislation promulgated the several States, relating 
corporation management, and the many rulings and decisions 
the different courts and commissions the subject regulation, 
assessment, and adjudication corporate rates, revenues, taxes, and 
tolls, become the complicated and tangled condition 
the situation, and realize the necessity for the early establish- 
ment some logical basis which establish the cor- 
porate control. 

While not maintained that appraisement the physical 
property public service corporations will the panacea for all 
such ills, the writer firmly believes with the author that such appraisal, 
beginning, absolutely necessary, and when effected some 
fair and reasonable basis, will contribute largely the successful 
solution many these intricate problems. 

With the estimate the physical value property before it— 
which represents money actually invested, together with such accruals 
costs may determined that the owner reasonably entitled 
have considered—any Court, tribunal, commission better 
position mete out impartial justice, whether the regulation 
rate, the assessment tax, the imposition fine. 

Although the author’s experience valuing corporate property 
has been principally connection with the Michigan appraisal 
railroads, and him largely due the credit for devising methods 
for, and forward successful completion, this thorough and 
most excellent work, note his inclination 
give credit the work others along the same line other States, 
which, regretted, has not always been the case with writers 
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this subject. There doubt that the work the Michigan mr. 
and Wisconsin Boards Appraisal—conducted under the advice and 
direction some the most eminent and talented engineers and 
economists the United States, and practically without regard 
expense—is the most complete and perfect its kind heretofore 
attempted, yet there are many features regard the organization 

and execution its details about which there may honest 
difference opinion, viewed those who have been similarly 
employed. 

but natural—as suggested the author—to find the “indi- 
vidual” character the appraiser (which has been moulded his 
environment, training, and former service) reflected his opinion, 
and this would most probable the organization for, and carrying 
the work of, appraising railroad property, which involves con- 
sideration practically every phase engineering and economics. 
The judgment any man essentially warped along the lines his 
experience, and necessarily biased and prejudiced favor 
against certain practice. consequence, therefore, not 
reasonable suppose that any one man, set men, can formulate 
system for valuing corporate property which will perfect all 
its details, and free from objection and criticism. 

The writer was employed for number years Engineer for 
the Railroad Commission Texas, and had charge the valuation 
railroad property under the Railroad Stock and Bond Law that 
State. paper the methods used this Commission was prepared 
him and published the Society.* This Stock and Bond Law was 
enacted 1893, and the railroads then existing were valued 1894 
and 1895. The average value 860 miles was $15 844 per mile. This 
valuation was made Charles Corner, Am. Soc. E., now 
Resident Engineer the Rhodesia Railways, South Africa, and Mr. 
Simmons, now General Manager the Paso and South- 
western Railway System. The actual cost this work not available, 
but estimated about per mile. The engineers making the 
appraisal secured maps, profiles, and all available information from the 
offices the railroad companies, including all the construction records 
and estimates quantities which were preserved. Appraisal was 
made only after one the engineers had made personal examina- 
tion the ground, accompanied assistants aid measuring 
structures and estimating quantities. 

All valuations made since 1895 have been new railroads making 
application for issuance securities, and all cases the deeds for 
right way and depot grounds, the contracts for construction, the 
actual quantities construction all kinds, the plans and specifica- 
tions for all structures and construction, and all other information 
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which the engineer desired, were submitted the railroad companies 
enable accurate appraisal the value the property made. 
not possible for valuations this character made under 
more favorable circumstances. October, 1909, more than 500 
additional miles had been valued, and all cases the estimates limited 
the securities which the companies might issue. 

Writers railroad valuation have generally been inclined dis- 
credit the work the Texas Railroad Commission and the system 
appraisal used it. One writer, more less prominence, has 
referred the “cheap” method. While may true that 
other appraisals have been more expensive, fact that those 
the Texas Commission have served their purpose well, and the rail- 
roads, rule, have made little complaint. matter fact, 
highly probable that the valuations railroad property made 
the Texas Commission have been greater utility, far the 
public concerned, than those all other States combined, and, 
the same time, injustice has been done the railroads. 

appears that those who have interested themselves investi- 
gating the Texas method railroad valuation—including the author— 
have failed construe the real meaning and intention the Stock 
and Bond Law. Apparently, was passed for the purpose limit- 
ing railroad indebtedness—and referred Mr. Riggs serving 
only this purpose—but while its effect has been accomplish this 
most successfully, its enactment carried with deeper significance. 

This law was passed the same time the General Railroad 
Commission act the State, which gave this Board absolute control 
over all freight rates and tariffs, and also other powers not possessed 
that time any other State commission. The decisions the 
highest Courts that time laid stress the right carriers 
maintain rates which would afford reasonable return stocks and 
bonds outstanding. Hence, delegate the regulation rates 
any tribunal any law which did not carry with also the right 
supervise and restrict mortgage indebtedness some reasonable 
extent, appealed the legislators being essentially ineffective. 
The effect the law has been reduce steadily the average out- 
standing stocks and bonds the railroad companies the State 
from average $40802 per mile 1894 $31910 1909— 
and this, too, the face recognized increase the physical 
value the properties—thus depriving the railroads one their 
most potent weapons offense when contending against the Com- 
mission’s orders. matter common knowledge that the indebt- 
edness per mile railroads other States has greatly dur- 
ing this period. also fact that the railroads Texas have, 
except rare instances, contended that injustice has been them 
the enforcement this law, and the market value their stocks 
and bonds has steadily risen. Also their physical condition 
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par with that railroads other Southern and Western States, 
and their incomes from operation are substantial. The practice 
“watering” their securities has been effectually stopped, regards 
local issuance, and any interest which might have accrued such 
securities has been saved the 

has been contended that the Texas valuations 1894-95 were 
too low, and did not, even that time, represent the fair value 
the properties. This perhaps true certain extent, but must 
remembered that the costs materials and construction then 
were less than any time before since; and, viewed from the 
present-day standpoint, they seem have been inadequate. must also 
considered that real estate values throughout the entire State were 
very low, compared with present values and with those lands other 
States. Although the writer admits that the margin was very narrow, 
still the opinion that the valuations made represented 
closely the cost reproduction the physical properties the time. 

The valuations 1894-95 stand to-day the Commission’s records 
“the value the property,” except cases where there has been 
application and necessity for re-valuation. The machinery the law 
did not provide that these appraisals should kept “up date.” 
The mortgages these railroads are still outstanding, and there has 
been call for another appraisal, except few instances. The 
Commission has decided that its opinion the “present value” any 
the railroads already appraised, represented the original valu- 
ation plus the value all permanent improvements and betterments 
added. This principle has been carried out with those railroads which 
have applied for re-valuation for any purpose, and the Commission 
has admitted the same testimony which has given before the 
Courts. 

Since the appraisals which the Texas Commission makes are 
primarily for the purpose limiting indebtedness, and the carriers 
are entitled have these least equal the cost their property— 
the investment with certain additions cover promoters’ profits—no 
consideration can given depreciation structures and equip- 
ment, although the application for valuation and process issuing 
securties may had several years after completion. The writer 
holds that there strong argument favor not taking into account 
“depreciation,” and estimating the value the property being 
entirely “new,” whatever purpose the valuation proposed serve. 
This apparent, already stated, when the valuation serve 
basis for limiting the issue stock and bonds. there any logical 
reason why valuation for this purpose should not also serve—as far 
pertains—as basis for taxation for regulating freight rates? 
far the State concerned—and consistent—should not 
“one” valuation serve all purposes? 

Suppose that State should create board clothed with powers 
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rate regulation, taxation, and authority restrict indebtedness, 
and also prescribe that should appraise the value the property 
the railroads, and use that appraisal the basis for its acts. Would 
logical for that board make and apply one system valua- 
tion for one purpose and another system for another purpose? 
Manifestly, would have declared that valuation was “valua- 
tion” for all purposes, least far the physical property was con- 
cerned; and, when devising method for making its appraisals, 
should incorporate therein all the elements value which might 
apply logically either purpose. The writer believes that “depre- 
ciation” roadbed and structures have place such 
appraisal, the one hand, nor its negative, but fully intangi- 
ble and difficult concrete estimate, “adaptation and solidification 
roadbed,” the other. 

should not understood that the writer maintains that taxa- 
tion boards should not beyond the valuation physical property 
arrive final basis for assessment. There are certain intangible 
elements which should taken into consideration when taxing prop- 
erty, chief which the net income. only far physical 
valuations apply either case that considers that there should 
uniformity. 

does not approve all incorporating estimate the 
physical value railroad property such element “adapta- 
tion and solidification roadbed,” which credited with much 
importance the Minnesota valuation. the first place, such 
element incapable being measured tangible terms and reduced 
dollars-and-cents basis; second, cannot reproduced the 
sense that other property reproduced, and its value does not appear 
the capital account the railroad; and third, results from the 
action the seasons the one hand, and the working over the 
roadbed the maintenance forces the other, the cost which 
appears operating expenses. One constrained believe that the 
engineer who insists incorporating such element ap- 
praisal the physical value railroad hard put find material 
with which swell his estimate. When noting large difference 
value per mile the railroads Minnesota, compared with 
those Michigan and Wisconsin—adjoining States—it would appear 
that undue prominence had been given this and similar factors. 

The writer’s experience appraising engineer for more than 
years with the Texas Railroad Commission, and for the past years 
construction engineer—having built about 160 miles railroad 
Oklahoma and Texas—confirms his belief that, the absence 
actual figures cost, right way and other railroad real estate should 
appraised but little excess the market value abutting 
property. The practice the Texas Commission has been add from 
per cent. The conditions under which railroads were built 
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Michigan, Wisconsin, and Minnesota cannot have been radi- 
different from those the Southern and Western States. 
Texas has been rare instance when railroad has had purchase 
all its right way. Also, contiguous lands have greatly increased 
value since the advent the railroads. would appear highly 
illogical advocate that these increased values should multiplied 
3—or even 14—and used basis for taxing the railroads the 
one hand, taxing the public the other, permitting indebted- 
ness issued against it, the interest which the latter must pay. 
The railroad recently constructed the writer traversed fertile and 
thickly populated areas, already quite well served with transportation 
facilities. Only small fraction the necessary real estate was 
purchased the railroad company, and only few cases such 
purchase did pay largely excess the market value the land— 
and these were where the road interfered with houses and other farm 
improvements. cities and towns, land was acquired practically 
its fair market value. For rural property, the ratios used Professor 
Taylor the Wisconsin appraisal appear quite fair, but 
cities they are too high—especially for the Southwest. The Minne- 
sota ratios appear unreasonably high. 

Any appraisal the physical value railroads—in the absence 
figures their actual cost—is necessarily only approximate, and 
only within certain limits. Especially with regard the 
old roads, where original cost data cannot had, the values applied 
property and construction must largely speculative. im- 
possible build two railroads the same territory, the same speci- 
for the same amount; yet, the basis cost reproduc- 
tion, appraisal board must apply the same value each. 

The writer believes that unless there more uniformity 
methods valuing corporation property, between the States, all 
valuations will more less discredited, they should be, the 
Courts. hoped that this paper will generally discussed 


the Profession, and will lead the adoption more uniform 
methods. 


ing suggested method procedure for determining the fair and 
equitable value property: 

carefully the statutes governing corporations the 
class under examination. 

2d.—Form opinion whether not the locality can sup- 
port such property, inquiry regarding the different businesses car- 
ried on, bank clearings, railroad facilities, what the surrounding 
country produces, ete. 

3d.—Find from the archives the company general descrip- 
tion the property, from its conception the date appraisement. 
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close examination the minute books, directors and 
executive committees, there can ascertained all the details organ- 
ization, issuing stock, bonds and other forms indebtedness, con- 
tracts for equipment, supplies used the construction, etc. 

5th.—Obtain from the general manager the superintendents 
explanation the details operating and maintaining the property, 
including the different classes service, rates, etc. 

over the property, examine carefully, and talk any 
and all employees from whom thought that any information 
can gained. 

The foregoing will give general knowledge the property under 
examination, and will enable one begin the real work. The 
examiner’s assistants must competent and experienced men. 

all the vouchers, from the beginning the com- 
pany down the date began operation; classify their contents 
under the respective heads for the different classes material used 
the construction, for example, pipe, engines, cable, etc.; then pre- 
pare blank tables for each heading, having columns for size, quantity, 
prices, and total; and abstract each voucher. the same with the 
vouchers for labor, general office salaries, general expenses, interest, 
taxes, legal, etc. This, when completed, will give the detailed cost, 
shown the vouchers. 

Next check the vouchers back through the books, and draw 
statement, which will show the total book and, doubt, will 
differ from the voucher total. likely that many items will 
found for which vouchers exist, list these made and the 
officers cannot give satisfactory explanation any them they 
are omitted. The total what remains added the voucher total 
and represents the cash expended for the benefit the original prop- 
erty, shown the books and vouchers. 

8th.—Take all the remaining vouchers the company (it 
supposed that the examiner has already been informed the officers, 
and his inspection the records, the extensions and better- 
ments which have been made), separate the vouchers for materials, 
labor, from those operating, etc. Next classify them years, 
and then proceed set forth 7th, and add the different yearly 
amounts the total the original plant. This will show the amount 
cash expended (according the vouchers and books) the prop- 
erty, for its physical plant, organization, from its beginning 
the date appraisement. 

Every examining engineer should know (or can obtain) the prices 
for materials, labor, during these periods original construction, 
extension, the prices are the same, about the same, 

the time purchase, the above total stands the cash expended; 
there should much difference—and sometimes there is—take the 
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detail the materials found the vouchers, affix the proper prices, 
and the same with labor, and this total will what, the 
judgment the examining engineer, the plant should have cost. 
mean between this latter total and that 8th taken, order 
fair and equitable. This amount, place that given 8th, 
then used the cash expended the physical property. 
difference found prices, then the total cash shown 
considered the total hereafter used. 

careful detailed inventory now made the physical 
property exists the date examination. This often requires 
some excavation order determine sizes, quantities, and condi- 
tions. The prices used ascertain the total the inventory are 
made taking the average all those paid for materials, labor, 
the same class, during each year the property’s existence. 
(The writer considers manifestly unfair use the current prices 
this for they may very much below above those 
actually paid, and either event injustice would done, whereas, 
the average prices are used, the examiner cannot accused un- 
fairness.) this total cost, shown the inventory, added 
for engineering and superintendence; for general office salaries, 
for general expenses, 14% for legal and organization expenses, 
and from 10% for contingencies. (This latter percentage depends 
the judgment the examiner, who, after studying the local 
conditions can determine from his own experience what dif- 
ficulties have been met the construction. not believed that 
hard-and-fast rule can, equity, laid down for this latter 
percentage.) This total represents the value the tangible property, 
based the inventory. The inventory cost and that set forth 8th 
(or possibly modified prices current when the plant was built) 
are averaged, and this result, plus the supplies hand, the fair and 
equitable amount cash which has been expended the property. 
This used finding the “Fair and Equitable Value.” 

10th.—Next take the inventory the plant set forth 9th, affix 
the current prices the date appraisal, and this total add the 
same percentages for engineering, set forth 9th. This gives 
the cost reproducing the property, with the same classes ma- 
terials, size and make engines, now it, which total 
add the cost materials hand for the total cash required 
expended current prices reproduce the plant exists. 

often found that this latter total greater than that set 
forth 8th, for the that the engines, may types which 
are now abandoned obsolete, and the manufacturing company, 
having make patterns, would charge more for them than the 
original price the date purchase. 

This reproduction cost current prices only the examiner 
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information may may not require later the investigation 
determine some point that might arise ascertaining the “Fair 
and Equitable Value.” 

The writer considers unfair call the reproduction value the 
cost modern plant which will give the same service and output, 
because one not dealing with the value modern plant, but with 
that existing property. 

this cost (using the detailed inventory find the 
extent property still existence), the amount deprecia- 
tion for each section the plant, this being based the present 
condition the different parts and what their future life may be. 
The total depreciation then deducted from the result found 9th, 
and this remainder used the “Fair and Equitable Value” the 
tangible property the date appraisal. 

The intangible value (called many names) must now de- 
termined. consists rights, from the State, county, city, any 
one more combined, which the company must have order 
carry its business. These rights nearly all States are taxable, 
and taxes are collected them. The Supreme Court the United 
States has the past held that they are property, notwithstanding 
what State “Courts and Commissions” have set forth this sub- 
ject, and the writer’s examinations they will treated property 
until the Supreme Court the United States decides otherwise. 

There are general three classes franchises, namely: 


granted the State conduct business, where 
county city franchise necessary, only requiring the 
company obey the ordinances for excavation, The 
charter the Laclede Gas Company, St. Louis, Mo., 
example this class. 

granted the State carry business sub- 
ject county city franchise. 

company, business within its limits section 
thereof. 

each case the right may contract, for may require 
payment for the franchise granted, either lump sum yearly 
installments, the form services rendered, such for light, 
free service some kind, combination any two all 
them. 

The manner determining the value “Intangible Property” 
follows: 

The gross collected earnings are audited for each 
year during the period the company has carried its business. The 
same done for all vouchers, e., operating, maintenance, salaries, 
legal, general expenses, interest, insurance, and taxes, and includes 
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every item disbursed. Whatever this latter amounts to, deducted Mr. 
from each year’s gross earnings already found, and the result 
the true net earnings deficit for each year. 

(b) The true net earnings are added together and the mean taken; 
if, the period from the beginning the date appraisement, any 
deficits are found, these are deducted from the total the plus- 
earnings, the result divided the total number years, and this 
gives the true average net earnings. This then capitalized the 
legal rate interest the State which the property located. 
The result used the value the “Intangible Property.” 

amount given 11th added the result obtained 
9th, and this total the “Tangible and Intangible Value” the 
property, and the “Fair and Equitable Value” the property 
date appraisement. 

found that grave mistakes design judgment have 
been made not employing competent people, and money has been 
wasted construction, the plant re-designed, for the original plant, 
and its cost estimated. The same done for each extension, using 
the prices paid the different periods, and this result used 
place 9th, the cash cost the date appraisement. 

determining the intangible value, found that the manage- 
ment has been careless order make large net earnings, the 
expense the physical property, estimates are made what the 
property can operated and cared for (here the practical knowledge 
operation, necessary), and these results, plus taxes, 
are subtracted from each year’s collected earnings. The mean 
average these results considered the true net earnings, which 
are capitalized and added set forth 12th. 

The writer holds that consumers purchasers should not pay 
for avoidable error ignorance, and the amount the securities 
issued the property not considered entering into the matter 
“Fair and Equitable Value”; when they do, the method some- 
what different. 

The mean true net earnings are used determining the intangi- 
ble value because franchises have average values, earnings and 
expenses fluctuate corporations, and, when intangible values are 
considered, they must not based the last year’s net earnings, 
for they are, they may give very large result one year and 
small one the next; therefore, fair, the mean true net earn- 
ings should the basis the intangible value. the company has 
been over-capitalized, and sinking fund depreciation has been 
set aside, the present owner’s misfortune. the company calls 
something betterment, and found that the betterment has 
only replaced something, not allowed, but classed main- 
tenance; the other hand, the replacement larger, and capable 
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rendering greater results, such larger engine, pipe, cable, etc., 
the cost, less the cost what replaces, allowed betterment, 
and the old part sold the proceeds are deducted from the better- 
ment charge, for credited maintenance, increases the 
true net earnings. This often done, but not the correct way 
treat the matter, for increases the intangible value. 

13th.—When new rates are established for period future 
years, the manner determining the “Fair and Equitable Value” 
the same has been heretofore set forth. The new rates are based 
averages, and the first step necessary ascertain what gross 
revenue the company must have order pay all classes operat- 
ing expenses, maintenance, depreciation, taxes, interest the “Fair 
and Equitable Value” the property, and reasonable profit. 

obtain this amount, the procedure follows: 

(a) Find the pereentage increase the operating expenses 
for each year over the prior one, for period generally five years 
preceding the date examination longer time may taken if, 
the opinion the examiner, necessary), and then ascertain 
the average annual increase the percentages. The result thus 
obtained taken the increase percentage for the operating expenses 
for the new period time. 

(b) order determine what the operating expenses will average 
during the time the new contract run, take the amount the 
last year’s operating expenses basis and add the percentage 
found (a). This total the operating cost for the first year 
the new contract. The amount for the second year found 
adding the cost the first year the percentage found (a), and 
for each year the new period. These results are added to- 
gether and their average then used the mean cost operation 
for each year during the full period. 

(c) The same method followed for maintenance and taxes, 
order find the average maintenance and taxes for the new con- 
tract’s life. 

(d) Depreciation the plant begins from the date appraise- 
ment, and estimated the physical property using for each 
section the percentages used determining the “Fair and Equitable 
Value.” 

(e) Interest the rate allowed the “Fair and Equit- 
able Value,” and profit. 

The question extensions and betterments the original plant 
must now taken into consideration. 

(f) The amount the betterments and extensions have already 
been found for each year the property’s existence, and average 
them taken the amount the company will spend exten- 
sions, during each year the new contraet. this sum 
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interest and profit allowed, and, for depreciation, the same 
percentage used the original plant. 

will seen that all the expenses operation, etc., these 
extensions have been allowed (b), whére the increase has been 
added for each year for these extensions and betterments, they are 
assumed increase the cost operation, ete. 

(g) The amounts found (b), (c), (d), (e), and (f) are now 
added together, and the sum added for interest, taxes, opera- 
tion, which may caused the necessary increase capital 
expenditures, for greater growth than could foreseen the time 
the new rates were established, for losses, etc. This total used 
the basis for establishing the new schedule rates. 

next step determine what part the amount 
found (g) must paid the different classes consumers. 

(I) First ascertain the yearly percentage increase the out- 
put the plant for the five years before the new contract 
into effect (or longer if, the opinion the examiner, neces- 
sary); then find the average increase percentage during the before- 
mentioned five years. Add the last year’s output the percentage 
found above, this result representing the output for the first year 
the new contract. Continue this operation for each year the 
same way the operating expenses were found 13th (b). The 
average these results will the average estimated output during 
the life the new contract. 

(IT) Next find the amount the total output each class con- 
used during each the five years, and then find the average 
yearly use during this period. Put these into percentages the 
amount the average output for the five years, and then use the 
percentages the amount each class consumer will use the 
average output found (I) during the period the new contract. 

This gives the average amount the output each class con- 
sumers will use during the average life the new contract. 

(IIT) Next find the average percentage the total revenue each 
class customers paid during the five years. Take these percentages 
the average percentage each class will pay the average revenue 
necessary during the time the new contract run. 

(IV) Having found the average amount the required revenue 
that each class must pay, and the average amount the total out- 
put each class will use, dividing the former the latter for each 
will give the rate each class pay during the new period. 

often found plants that large extensions have been made 
supply special contract for long period time, and these exten- 
sions are set aside for the exclusive use this contract. such 
eases exclude the cost, this part the plant from the “Fair 
and Equitable Value” the matter adjustment rates. 
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determining the operating expenses, such case, find 
the percentage the total output this special output amounts to; then, 
using this percentage, find what part the total power-house expenses 
all kinds are caused this special contract. This result deducted 
from the total power-house expense, and the remainder the power- 
house cost furnishing the consumers with their share the total 
output. found that special employees are required deliver 
this special output, their cost deducted, and the same for the main- 
tenance material used. Taxes and interest the cost this special 
equipment are found ascertaining the percentage this cost the 
special equipment bears the whole plant. 

The above results are deducted from the total operating, main- 
tenance, taxes, and interest disbursements, and “Fair and Equitable 
Value,” and the remainders are used the cost the last year’s 
expenses for furnishing the consumers with their share the product 
and the “Fair and Equitable Value.” 

The same method used determining the revenue paid 
the consumer. 

The above result, e., cost operating, then used the 
basis for estimating the expenses for the period the new con- 
tract, heretofore set forth. 

the charter comes under Class III, the city doubt 
has incorporated clause for the adjustment rates, and the method 
used above followed. 

the franchise has expired and going renewed, 
the same method 

the franchise has expired and the city has paid 
certain amount for service, and buy the property, the same 
method used, except determining the intangible value. For 
determining the latter, the amount the city pays for service deducted 
from the gross collected revenue. From expenses deducted the 
same percentage the amount the city’s payment the gross 
revenue; net revenue found from this, the taxes paid are de- 
ducted, remainder capitalized heretofore set forth, and 
the intangible value. Whatever the latter amounts added 
(or deducted from, case deficit) the “Fair and Equitable Physical. 
Value,” and the result the price the city should pay. 

Cities generally claim, and their that they should 
only pay junk value, the cost modern plant give the same 
results. This eminently unfair, because the city buys property 
which full operation and receives the full revenue, addi- 
tion obtaining service for itself less cost than heretofore 
paid. The difference between the cost the city furnishing the 
service itself, and what paid the company, profit, but there 
charge against this loss taxes. These two latter items, namely, 
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profit and taxes, generally balance each other, although the writer has 


known cases where the city was the gainer. 

There are many points which can advanced establish the 
fairness the methods outlined herein, but they would take some 
time explain, and therefore the writer has only set out the plan 
follows his examinations, hoping that may some aid 
establishing uniform method which will upheld the Courts. 

may stated that recently this method was used examina- 
tion, going back thirty-five years, and the results were accepted 
both sides without question. 

The writer has refused number examinations when told 
advance what result must found, well “Expert” work, 
where the examiner expected help make case, regardless his 
honest judgment, for, accepting such work, the engineer hurts 
his reputation and lays the Profession open such remarks Judge 
Lacombe recently made the case the Peoria Water-Works Com- 
pany vs. Central Railway Company. 

The writer fast coming the conclusion that great deal 
legal trouble caused the decisions commissions, the members 
which have not had experience these matters. commission 
consisted able lawyer, financial man, and engineer who 
has had broad operating experience, its decisions would carry weight, 
and the Courts would not burdened with many appeals. 

perhaps, the best paper the valuation service property 
that has yet appeared. The author’s analysis very clear, and his 
arguments are convincing. Three points the writer would like 
consider; two them briefly. 

The item, “going value,” even determined logical reason- 
ing, suggested Professor Mead, would seem dangerous 
item, and one which might result absurdities when estimated 
unscrupulous, ignorant person. Moreover, the term 
differently defined, and there certainty just what means. 
The writer sees reason for the existence such term, such 
separate quantity this term supposed represent. 

The term, “franchise value,” or, “value the franchise,” used 
represent the difference between the capitalized net earnings and 
the value the physical property. course, there such differ- 
ence, either positive negative, but there seems some objection 
the Courts calling this “franchise value.” The writer, therefore, 
would suggest that, since franchise value very elusive item, depend- 
ing the life the franchise, the attitude the community toward 
the corporation, the activity competing corporations, and numerous 
indeterminate items, the term, “business value,” concern 
value,” used instead “franchise value.” “Going concern value” 
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not good term “business value” “value the business,” 
because may assumed include both the value the business 
and the value the property. “Value the business” would pre- 
sumably include the value the franchise, and perhaps would not 
always represented exactly the difference between the capitalized 
net earnings and the value the physical property, but would this 
difference affected some judgment percentage resulting from con- 
sideration the probable continuance the franchise. 

Mr. Riggs has truly said that the value the physical property 
must not made depend the purpose for which the valuation 
made; that, for the business for which used, the value the 
physical property the same, regardless the purpose for which 
valuation desired; but valuations are made for different purposes, 
and, while there room for argument the proper valuation 
used for capitalization, taxation, sale, there are perfectly definite 
methods suggested for valuing property for these purposes. The 
writer has never seen statement—that appealed him all 
rational—of proper method valuing property for rate-making. 
Indeed, the writer has said* that “proper traffic rates have relation 
valuation except that the minimum net income should least 
sufficient pay interest the physical valuation.” The writer 
not absolutely certain the correctness this position, for study 
the right regulate corporation which performing 
function seems indicate that the public has right 
say, not only that rates shall non-discriminatory, but also that they 
shall reasonable. 

Now, the writer familiar with three bases for the determination 
what constitutes reasonableness rates. One, which applies 
rates whole, this: That the net income should produce not 
more than reasonable interest rate the actually invested capital. 
Another the rate that the traffic will bear, and the third rate 
that represents what the service worth the purchaser. course, 
difficulty arises reasonable rates any one these 
three bases. 

The only difficulty with the first one determining what 
reasonable interest rate invested capital, and, far the writer 
has read, Court has yet determined what this is, although some 
Courts have held that not unreasonable return, that 
not unreasonable return, and, the writer’s memory serves him 
right, that even 15% not unreasonable return. 

There great difficulty the determination what the traffic 
will bear. matter the exercise judgment and experi- 
ment, and must applied considerable extent particular rates, 
for particular commodities, for particular places. 
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The third basis would seem the most difficult use, although 


one which has recently been established important Court 


decisions, and mentioned Mr. Riggs. What monopoly- 
provided service worth the user purchaser? Suppose that gas 
company charges $1.60 per 1000 cu. ft. for gas, and very consider- 
able part the populace living the city served purchases gas 
this price. Presumably the purchasers pay what the service worth 
them, and what they are willing pay rather than suffer the 
inconvenience tallow candles, oil lamps, pay high price for 
electric lights. Suppose that through period five years, 
series reductions voluntarily made, the price gas finally reaches 
$1.15 per 1000 cu. ft. this gas worth any less the consumer 
the end the five-year period than was the beginning? far 
the writer can see, is, for only one reason, namely, that can 
had for less; but this has been voluntary reduction the part 
the supply corporation, and who shall say that the service not 
worth less than $1.15 the consumer, who shall say that was 
not worth less than $1.60 the beginning the period suggested? 
The figures here given represent actual case which has occurred 
during the last five years, within the writer’s knowledge. There seems 
growing feeling among the people that rates whole must 
fixed yield only reasonable return the corporation, and, 
apparently only for want the suggestion better method, reason- 
able return has been held mean reasonable return the capital 
invested. Believing that there may some ground for the claim that 
rates whole should thus fixed, and that the return should not 
unreasonable, let consider how what reasonable may 
determined. 

the first place, appeals the writer that the invested capital 
not the proper basis for estimating reasonable rates. shall 
finally established that corporation entitled realize only 
reasonable interest rate the capital invested, there will more 
service corporations organized; but, the reasonableness the 
return may based the capital invested and the business done, 
there will still good inducement capable men engage public 
service business. 

would seem that the rate return that reasonable differs for 
the capital invested and for the business done—that say, the 
capital invested $1000000 ordinary investment return from 
may sufficient; and the business done with this million- 
dollar plant amounts $10000000 year, reasonable return may 
10% even 15% the whole. 

Now, has been suggested Mr. Riggs, manifestly im- 
possible capitalize the net earnings basis for determining 
reasonable rates, because these net earnings are the result certain 
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rates already established, the reasonableness which may 
question; and if, instead speaking separately interest rate 
capital actually invested and profit rate business done, desired 
obtain value which base reasonable rates, the following 
suggested method: Determine the physical value and the annual 
interest this physical value assumed reasonable rate, say 5%; 
determine the annual expense conducting the business, and assume 
business man’s profit rate, say 15%, and find the profit that should 
earned the business done. This, added the total interest 
charge, should give the net income, over and above operating expenses, 
that may considered reasonable, and this sum, capitalized any 
given assumed reasonable interest rate, would give value which 
might with reason used basis for rate-making, rates being 
deemed reasonable whole which furnish from year year 
simple reasonable interest rate this established value. course, 
there necessity for establishing such value, the reasonable- 
ness the rates will determined when learned that they 
produce not more than fair interest rate the actual physical value 
the property plus fair profit rate the business done. 

This method not free from the objection that what reason- 
able interest rate and what reasonable profit rate have never yet 
been fixed, but much easier fix these separately than fix what 
reasonable return the capital actually invested the physical 
valuation the property. 
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This Society not body, for the facts and opinions advanced 
any its publications. 


TIMBER PRESERVATION, 
ITS DEVELOPMENT AND PRESENT SCOPE. 


Discussion.* 


Am. Soc. E.—There has been Mr. 


ment materials processes for timber preservation since the Spe- 


cial Committee Wood Preservation, this Society, reported 1885. 
Inventors and merchants have patented so-called improvements 
the Burnettizing process, the Kyanizing bichloride 
mercury process, the Thilmany sulphate copper process, and 
the Bethell creosote hermetically-sealed cylinder process. 
engineer familiar with the business wood preservation, these 
called new processes seem have been designd mainly for promo- 
tion purposes, secure trade advantage rather than additional 
efficiency, additional economy without loss efficiency. 

With the exception the business treating wood blocks for 
paving, none the new materials combination with the tried ones, 
has made any considerable headway. will conceded that the 
Bethell process, creosote hermetically-sealed cylinders, has ex- 
ceeded all others general use for preserving wood against all causes 
deterioration. stands alone for use preserving piles against 
the ravages the Teredo Navalis. Opinion has not changed 


This discussion (of the paper Walter Buehler, Am. Soc. E., printed Pro- 
ceedings for November, 1910, and the meeting December 1910), 
printed Proceedings order that the views expressed may brought before all 
members for further discussion. 
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regards the need naphthalene the creosote oil for this purpose, 
that attribute being the main stable germicidal agent creosote oil. 

The Burnettizing process still used con- 
siderable extent for railroad ties where the roadbed can kept com- 
paratively dry. This process cheaper than creosote, and quite 
effective, but the zine chloride washes out the wood wet loca- 
tions. Engineers who are advocating preservatives which contain 
antiseptics poisons should note that chloride, bichloride 
mercury, and sulphate depend solely poison preserve 
the wood. Tar acids and naphthalene are the only poisons dead oil 
coal-tar. leave out these fractions from creosote would 
abandon the only known method preserving wood, namely, poison- 
ing the bacteria decay. paper the preservation ties, 
before the New York Railroad Club,* the speaker showed that creo- 
soted ties pay for themselves every years. 

Since the presentation the report the Special Committee 
this Society, creosoted conduits which had been use years have 
been taken and proved possess 100% salvage value; number 
these conduits have been relaid. 

There longer remains question the feasibility advisa- 
bility preserving wood. There much talk the United States 
now about the need the conservation the forest supply. This 
can best accomplished treating preserving the wood after 
cut, that less quantity will needed meet our require- 
ments. Woods which without treatment would decay too quickly 
commerical value become valuable when preserved, and engineers 
should study well this phase the subject. 

The conservation which should sought now that the waste 
from the vast number coke ovens the United States. import 
gal. creosote oil per year for wood preserving, only get- 
ting 17360000 gal. from home sources. Europe they apply con- 
densing apparatus coke ovens, which waste products hereto- 
fore lost are liquefied, producing creosote like the distillate coal- 
tar procured America from gas-houses using coal. Much this 
shipped the United States. 

order determine the best attributes coal-tar for preserving, 
the speaker knows surer method than take samples treated 
wood known history and make analyses fractional distillation 
the oil remaining the wood. This has been done the United 
States Forestry Department, and the results are recorded Circular 
No. 98. 

The averages Table have been compiled from the Government 
analyses all tests. 


Proceedings, New York Railroad Club, February 18th, 1910. 
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TABLE Mr. 


PERCENTAGE, DISTILLATION 
EXTRACTED OIL. 
Samples. 


820° Residue 
to above 
420° 


service. 
pounds per 
cubic foot 


No. samples. 
No. years 
Creosote, 


Piles 


18.82 22.48 
16.56 15.58 


The following are the usually accepted fractions for the degrees 
heat, centigrade, recorded: 


Light naphtha, 

Creosote oils 225° 270° 
270° 360° 


above 360° 


The Government officials, however, have selected arbitrary divi- 
sion for their fractions, recorded Table However, apply- 
ing the foregoing commonly-used divisions, idea the nature the 
various fractions can secured. 

The tests showed that piles which endured had been preserved 
oil which left the wood average nearly 26% naphthalene, 
and one sample showed per cent. They all also had good per- 
centage anthracene, which undoubtedly equal importance with 
naphthalene preservative. 

The results tests also showed that from lb. creosote 
per foot ample for railroad ties, and that from 
needed for piles, depending whether they are used the warm 
waters the South, where the teredo more destructive, the 
colder waters the North, where the season their boring shorter. 
Naphthalene and anthracene fractions predominated. 

The average quantity creosote taken from paving blocks which 
had been use 20, 29, and years, was 16.14 lb. The naphthalene 
and anthracene percentages were conspicuously large. 

Tar acids volatile oils are strong antiseptics. Although their 
stay the wood comparatively short, they exert antiseptic 
influence the bacteria decomposition, and render valuable 
service thereby. The speaker convinced, however, that have all 
the antiseptics needed the naphthalene and anthracene which remain 
the wood, and that not more than 1.5% tar acids should ad- 
mitted the creosote oil used for wood preservation. 
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While important not accept any oils distilling below 150° 
cent., order avoid the carbolic tar oils, which evaporate from 
the wood, equally important that product distillation should 
accepted above 360° cent. This product represents simply pitch, 
which has antiseptic qualities ability preserve the wood, other 
than caulk the pores. This pitch practically the same that 
heart pine, and will not preserve the wood longer than the natural 
pitch, far acts germicidal agent. requires high heat 
keep sufficiently liquid enable injected into the pores 
the wood. This heat breaks down the fiber tissues, and takes the life 
out the wood. Persons familiar with kiln-drying timber know that 
dried 280° Fahr., becomes too brittle dress. Where 
blocks have been treated with pitch, oil high specific gravity, 
say, 1.10 1.12, and laid places where the foundations were not 
solid the blocks not rigidly held, the case certain bridge 
Brooklyn, and the floors the ferry-boats the Central Rail- 
road New Jersey, the blocks will found split almost into 
splinters. bridge Baltimore, which the conditions were 
similar those the bridge just referred to, blocks short-leaf pine 
treated with regular creosote oil were laid years ago, and are 
good to-day when laid, spite the very heavy traffic which 
has carried. Regular creosote oil, having specific gravity from 
1.03 1.07, was used treating those blocks, therefore excessive 
heat was necessary inject it, and the wood remained intact 
its fiber adhesion, blocks having split. 

contended many engineers that this pitch oil 1.10 
specific gravity preferable the case paving blocks, because 
prevents the absorption water. The sole purposes stopping 
the absorption water are: prevent the alternate wetting and dry- 
ing (which primary cause decay) and the expansion the 
blocks (which causes the buckling the pavement). matter 
fact, this heavy oil does not penetrate the blocks thoroughly 
the lighter creosote oil, and when they are split for closure-blocks 
causes the exposure the interior where the moisture can enter 
the wood. However, creosote oil will preserve the wood, idle 
contend that the pitch better preservative, because will 
caulk the wood better than creosote oil. paving block treated 
with lb. pitch per cubic foot dried, using 100° heat for 
hours, and then immersed water, will not absorb more than 
34% weight. Creosote oil having specific gravity ranging from 
1.03 1.07 will absorb about per cent. The latter, however, 
penetrates the wood more thoroughly, coating the fiber, which the 
part that absorbs the water when the swelling the wood takes 
place. 


The Lowny process based the principle that not neces- 
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sary for the oil remain the wood after has coated all the 
thoroughly, and means are provided for extracting the oil after has 


been injected. Although the speaker does not believe that this 
patented process will have very extended use, because objection- 
able dilute the oil with the sap and steam and then use over 
again; yet the principle based reasonable grounds, for experience 
has proven that after few years’ use one never finds the wood the 
same amount oil was injected into it, and still its life extended 
without appreciable deterioration. 

regard the buckling wood blocks, the speaker’s observation 
has shown that when they are treated with the real creosote oil, this 
does not occur. has never seen nor heard the buckling any 
properly wood blocks. the other hand, large number 
cases, has seen serious buckling with blocks treated with pitch 
1.12 specific gravity. 

The kinds creosote are dependent the sources supply, which 
may named follows: 


(1) Wood creosote oil, 

(2) By-product coke-oven distillate, 
(3) Water-gas tar distillate, 

(4) Coke-oven distillate, and 

(5) Coal-gas tar distillate. 


These are numbered the order their value sources for get- 
ting the oil containing the best constituents for wood preserving, 
determined from the results tests woods treated, compared with 
the length time they would have lasted without treating. 

The speaker was with the Carolina Oil and Creosote 
Company, probably the largest plant ever built for distilling wood 
for wood creosoie oil and preserving timber therewith. Time showed 
that this oil could not depended for protection, either against the 
teredo decay, and the process was abandoned. 

late years by-product ovens have been perfected, and the Otto- 
Hoffman process has been established America make various 
products from the distillation coal, but because the high cost 
the plants, its general introduction has been slow. 

These by-product plants make coke, illuminating gas, sulphate 
ammonia, and by-products coal-tar. The residuum, after the fore- 
going valuable products have been extracted, pitch 1.12 specific 
gravity, containing but little naphthalene and anthracene. This pitch 
used for roofing and water-proofing, and one company, with its 
allied interests, far can ascertained, has bought all the 
output that can used for wood-block paving. 

committee the American Society Municipal Improvements 
recently reported that oil least 1.10 specific gravity, 
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temperature 38° cent., should used for preserving paving blocks; 
and stated that its investigations had shown that this oil not con- 
trolled one company. 

One the large creosoting companies manufacturing paving 
blocks wrote each member that Committee, stating that for some 
time this country, well foreign countries, had been canvassed 
for delivery gal. this oil, and was found that could 
not obtained. Each member was asked forward the names 
companies this country, Canada, other foreign countries, 
which manufacture this oil, and have the capacity furnish 
large quantities—from 50000 200000 reasonable length 


time after the order placed. The answer this letter, signed 
the Committee, states part: 


“We might say, start with, that the assertion the report 
the committee the American Society Municipal Improvements 
the subject Wood Block Paving Specifications that ‘investigation 
our part had shown that the oil recommended was not controlled 
one company’ was made reference wood block manufacturers 
only, and did not relate oil manufacturers.” 


The only company mentioned which could furnish the oil the 
one which controls the output the 1.10 gravity oil. This 
company furnishes the 1.03 specific gravity oil the creosoting com- 
pany referred to, but has always refused furnish the 1.10 specific 
gravity oil. 

The chairman the Committee wrote that letter just received 
from Dr. Gellert Alleman, Professor Chemistry, 
College, states: 


have hesitation stating that any dealer tar can 
the specifications which you refer either filtering the tar and 
adding certain proportion creosote oil it, some cases 
adding creosote oil the unfiltered tar.” 

Attention drawn the speaker’s remarks* this phase the 
subject his discussion Chicago paving practice. 

‘One member the committee wrote: 

have delayed answering your letter for the reason that the 
question the limiting value the specific gravity creosote oil 
was referred the Chairman this Committee, and personally, 
did not look into this subject. Furthermore, the time allowed this 
Committee for the preparation report did not permit investi- 
gation into this subject each the members this Committee.” 

The speaker has doubt the good faith this Committee, and 
view the fact that the combination wood-block manufacturers 
who can command that special oil has -done practically all the wood- 
block paving propagation during the past few years, the members 


Swarthmore 
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the Committee, well many the best engineers, have been misled 
this important engineering business. 

The specifications this Committee require that the distillate shall 
not exceed 150° cent., and shall not exceed 35% 315° 
cent. This strictly call for the by-product pitch, and bid for 
oil which can absolutely void naphthalene and anthracene, the 
materials which engineers have depended thus far preserve the 
wood. begging the question say that the kind oil imma- 
terial, because expected that the pavements will replaced before 
they would naturally have time rot. this so, why specify other 
than oil that experience has shown will preserve wood, unless 
question cost? matter fact, although creosote costs more 
than pitch, when the Bridge Department the City New York 
specified for the Manhattan Bridge the regular blocks treated with 
creosote oil, there was very material drop the cost the pave- 
ment under that former orders when the 1.12 specific gravity oil 
was specified. Richmond the only Borough New York City 
which regular creosote oil specified. Learn what drop prices 
there was when the specifications were changed from 1.12 specific 
gravity oil regular creosote oil blocks, and compare the higher 
prices for similar work done the other Boroughs, which call for 
the heavier oil. 

Water-gas tar pitch good the by-product oil; fact, 
very similar. more plentiful; any one can buy it. 
valuable paper Charles Forrest, Assoc. Am. Soc. E., 
“Preservatives for Wood Paving by-product tar and water- 
gas tar are compared. states: 

“From the data already presented there appears reason 
why coal-tar should better than water-gas tar for the preservative 
treatment wood paving blocks, but the following comparison 
creosote oil distilled from water-gas tar with creosote oil distilled 
from coal-tar will undoubtedly interest engineers who are 


interested the preservative, aside from the water-proofing, features 
this tar.” 


The following the comparison coal-tar creosote and refined 
water-gas tar referred to: 


Refined 
Coal-tar water-gas 

creosote. tar. 

(1) Original gravity 15° cent..... 1.04 1.14 
(2) Fraction distilling below 315° cent...... 84.8% 16.00% 


(3) Fraction distilling above 315° cent....... 13.8% 54.3% 


(4) Total distilling from oil................ 98.6% 
(5) Coke remaining retort 29.7% 


The Engineering Record, April 16th, 1910. 
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The comparison the three oils follows: 
Coal-tar called 
Creosote oil. creosote. Water-gas tar. 
(1) 1.04 1.122 1.14 
(2) 84.8% 34.2% 16.0% 
(3) 13.8% 41.8% 54.3% 
(4) 98.6% 10.3% 
(5) 24.0% 


buying creosote oil for wood preservation, seek purchase 
oils containing little coke possible. Note the above percentages 
coke. The fractions distilling below 315° are naphthalene and 
anthracene. 

view the past failures water-gas tar wood preservative, 
the question is: What engineer wishes specify that oil, what 
company wishes guarantee it? hazard use water-gas 
tar, why not also hazard use by-product tar, which prac- 
tically the same? specifications did not demand that the oil shall 
the product coal, either oil could used under the specifications. 

This Society should appoint Special Committee investigate 
this subject thoroughly and independently, and compile specifications 
strictly from engineering standpoint. 

The American Railway Engineering and Maintenance-of-Way Asso- 
ciation adopted specifications for creosoting, demanding the best obtain- 
able grade coal-tar creosote—the pure product coal-tar distillation, 
free from admixture oils other tars. requires that the creosote 
shall have specific gravity least 1.03 38° cent. 

The speaker believes that the most desirable specification for 
creosote for all wood preservative purposes follows: 

The creosote shall not less than 1.03 gravity 38° 
Fahr., and not more than 1.07 specific gravity, the latter order 
insure thorough penetration. fractional distillation, using 100 
grammes creosote, shall show percentages dry oil weight about 
follows: 

150° cent. (302° Fahr.), distillate. 

Between (302° Fahr.) and 170° cent. (338° Fahr.), not 
exceed 1.5%. 

Between 170° cent. (338° Fahr.) and 235° cent. (455° Fahr.), not 
exceed 35%. 

Between 235° cent. (455° Fahr.) and 300° cent. (572° Fahr.), not 
exceed 35%. 

The residue should soft. The oil should contain not less than 
25% naphthalene and least 15% anthracene oils. the creosote 
oil, 95% should soluble carbon bisulphide, and equally abso- 
lute This test determine the amount coke. 
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The above specification would have met the requirements for 


creosote good any used the tests reported the Government 
circular previously referred to. 

specification for creosote was standardized this Society, the 
coal-gas manufacturers would make their creosote conform with 
sufficient closeness, and the many bee-hive coke oven operators could 
induced distill their waste product for this specific oil. 
now, many specifications are demanded, and there assurance 
that any one formula oil company might produce would command 
market. 

fact that neither the by-product oil nor the gas-tar oil has 
been tried for wood block paving for longer time than good heart 
pine will last. Heart pine blocks have always been specified when 
by-product oil has been called for. real creosote used, short-leaf 
pine can specified, saving cost for the wood least 
cents per sq. yd. for blocks in. deep. 

Nelson Lewis, Am. E., valuable pamphlet, has 
given account the European practice wood block pavement, 
which shows that European nations the softer woods 
more durable than the harder ones. Baltic pine, which like our 
short-leaf pine, generally used abroad. 

Data concerning wood block pavements have been collected re- 
cently the American Society Municipal Improvements, from the 
engineers number American cities. Under the caption, “What 
Wood Preferred,” Boston, Mass., reported: “Short-leaf pine. Also 
long-leaf.” Boston was the first city the Eastern States take 
modern wood block paving, all the first blocks being made from long- 
leaf pine, nearly all heart could secured. interest- 
ing note that the engineers that city are among the first 
America decide that short-leaf pine would preferable. 

The speaker has endeavored show that pitch oils wood pre- 
servatives can only considered experimental. spite this 
fact, the engineers America are laying hundreds thousands 
dollars’ worth wood block pavements yearly, specifying blocks 
treated with that material, when they have the experience Europe, 
California, and Texas teach them that those places regular 
creosote oil has satisfactorily preserved paving for more than 


paper conservative résumé the more important requirements 
modern wood preservation. The great attention that being given 
this subject certain produce more correct understanding 
the future. The whole proposition wood preservation, with its 
numerous ramifications, requires peculiar combination special 
study. should have, not only thorough knowledge the 
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characteristics and performance the wood, but also the chemistry 
the preservative and the mechanical knowledge plant operation. 
Lastly, the commercial instinct, experience for purchasing the 
supplies, necessary, order put the whole proposition 
economical and practical basis. Probably there better indication 
the necessity differentiating the subject into component parts 
carefully each division than the large variation the 
results treatments that have been carried out, supposedly the 
same standard process. 

About year ago, the writer’s attention was called the failure 
structure which the timber had been impregnated with lb. 
oil per cu. ft. The trouble appeared that the original oil was 
inferior quality, that large proportion disappeared after three 
years. The practice rapidly passing blindly plugging stick full 
saturation, irrespective classification, the seasoning the wood, 
and the exact quality the preservative, leaving the principle water- 
proofing finally accomplish all. However, some modern specifica- 
tions are still very unique their generalities, for instance, the follow- 
ing quoted from specification for the treatment wood paving 
blocks for city considerable size: 

“The blocks will treated the injection impermeable 
and antiseptic mixture, per cubic foot, that contains least 
50% inert oil soft bituminous coal-tar dead oil coal-tar. The 
rest the mixture will composed material adequate offer 
impermeability water.” 

What the contractor could compelled use for “the rest the 
mixture” would not easy matter ascertain. 

Hartman has applied for patent for combination process which 
the seasoned wood first placed hot bath creosote oil and then 
treated cold solution zine chloride. The principle may used 
with either the pressure open-tank methods. unlike the Card 
process, two-movement method, and different from the 
Allerdyce, inasmuch the oil treatment given first, instead the 
solution zine chloride. 

Probably the author has not given the light treatments with high- 
class oils the prominence that they deserve. Considerable development 
has been made the empty-cell process, for both the pressure and the 
open-tank methods. Some prominent railroads are treating ties 
the empty-cell pressure method, spite the fact that advocates 
other processes have assailed the principles involved. The empty-cell 
pressure process seems considerable importance, not only 
account the deep penetration obtained moderate cost, but 
because the wood comes out the treating cylinders comparatively dry. 
Oil dripping objectionable, not only account waste, but also 
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because often gives trouble after the lumber has been installed. 
the 1910 Report the Committee Preservation Poles and Cross- 
Arms, the National Light Association, empty-cell process 
for the open tank described. Briefly, the timber treated 
the ordinary hot and cold process creosote oil, and then third step 
taken reheating the timber oil; this results driving portion 
free oil from the wood. again obtained the benefit deep 
penetration with limited quantity oil. The importance proper 
quality creosote oil any empty-cell process readily apparent. 

One the most pertinent subjects present, connection with 
wood preservation, that water-gas tar creosote versus coal-tar 
creosote. 1908, approximately 17000000 gal. coal-tar creosote 
oil were produced the United States, while 39000000 gal. the 
coal-tar creosote used was foreign product. The scarcity the 
domestic oil will undoubtedly continue, least long the present 
conditions by-product industry obtain. The quantity water 
gas made the United States about twice great that coal 
gas, and the creosote made therefrom similar many respects 
that from coal-tar. 

The writer was recently surprised obtain from contractor 
bid for treating cross-ties which the prices quoted were higher for 
water-gas creosote than for coal-tar creosote. was understood, 
course, that each oil was have the same physical properties.. This 
does not seem indicate the alleged advantage, least present, 
and from the commercial standpoint, using the water-gas creosote 

Some interesting papers have been presented recently, before the 
American Branch for Chemical Industry, Church and 
Weiss, and with the discussion have considerable bearing the ques- 
tion the value water-gas creosote preserving agent. Mr. Weiss, 
whose paper had the caption some experiments the action oils 
and tars preventing mould growth, said conclusion that the coal-tar 
creosote, well the undistilled tar, antiseptically more efficient 
about the proportion unfortunate that the chemistry 
creosote oils not well énough known enable one form more 
definite and authentic opinions the value the creosote oils, other 
than their physical characteristics, and hoped that further data 
will obtained along this line. Although the antiseptic ratio between 
the oils coal-tar and water-gas tar may not important where 
the timber treated the full-cell method, certainly requires 
serious consideration where the treatment calls for limited quantity 
oil. 
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will reproduced the volumes Transactions. Any information 


which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the publication. 


CHARLES EDWARD GOAD, Am. E.* 


June 10TH, 1910. 

Charles Edward Goad was born London March 15th, 1848. 
attended the College Preceptors, London, passing his final 
examinations with honors mathematics. Later received the 
degree Associate Arts Oxford University. Until 1869 was 
engaged the building various public works England, and 
that year went Canada. From 1869 1873 was Assistant and 
then Division Engineer the Toronto, Grey and Bruce Railway. 
From 1873 1875 was Locating Engineer and charge the 
drafting office for the land and structure plans, and then Engineer for 
the contracting company building the Montreal Northern Colonization 
Railway, afterward the Quebec, Montreal, Ottawa and Occidental 
Railway. 

1876 commenced the compilation series special surveys 
Canadian cities and towns for the use Insurance Companies. 
1877 became Chief Engineer the Halifax and Cape Breton 
Railway, but the following year found essential the success 
the system insurance plans which had originated give his 
whole time the supervision that work. 

Some idea the extent which his system has developed may 
gathered from the fact that the surveys now include all the important 
areas London, England, from Kingston-on-Thames Gravesend, 
fifty-five the principal cities and towns the British Isles, several 
cities the Continent Europe, the “Near East,” South Africa, 
the West Indies, and South America. Canada more than 300 
places, from Halifax Vancouver, have been surveyed and mapped. 

1909, while engaged survey Chile, behalf 
the Fire Offices Committee, Mr. Goad had stroke. 
soon could moved was taken England, the voyage being 
much benefit him. After short stay, returned his home 
Toronto, with his health far improved encourage the hope 
that would spared for number years, but after journey 
South and short stay Florida, returned Toronto April, 
1910, where died from the effects second stroke paralysis. 
survived his widow and children, three sons and five 
daughters. 


Memoir prepared the Secretary, from information file the House the 
Society. 
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Fire insurance men will remember Mr. Goad the author 
“Fire Plans for and the founder the business now 
carried Company under the title Charles Goad, Limited. 
1881, Montreal, founded the publication, Insurance Society, 
but, few years later, account the increasing demands his 
time, transferred it, the paper developing into the Chronicle, devoted 
banking, insurance, and finance. 

Mr. Goad was man sterling integrity and indomitable energy, 
and never happier than when had difficulties surmount. When- 
ever had opportunity give any his time the public service, 
notably Member the Executive Commiittee the British Fire 
Prevention Committee, and Advisor the Guild Art 
Toronto, was unsparing his efforts for the furtherance the 
objects they had view. 

Owing the wide area his professional and business interests, 
was engaged almost constant travel, and did not have the 
opportunity building that large amount local influence and 
popularity usual men his type who retain one center, but his 
social acquaintance was very wide, and was equally popular both 
sides the Atlantic. 

those who were intimate with him, was endeared the 
many fine qualities possessed. was entirely lacking ostenta- 
tion, and warm-hearted and loyal his friendship. 

His eldest son, Mr. Charles Ernest Goad, who for some years has 
had charge the British and Continental surveys, succeeds him 
Managing Director Charles Goad, Limited, London, England, 
and will also undertake the direction the Canadian business. 

Mr. Goad was elected Life Member the Royal Canadian Yacht 
Club about ten years ago, and was very ardent supporter its 
interests, though had not the leisure participate very much 
the sport. 

Mr. Goad was active Member the British Fire Prevention 
Committee, Fellow the Statistical Society England, and 
Member the London Chamber Commerce. was also Member 
the Engineers’ Club Montreal, the Engineers’ Club Toronto, 
the Engineers’ Club New York, the Toronto Club, and the Canadian 
Society Civil Engineers. was elected Member the American 
Society Civil Engineers September 7th, 1881. 
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THE GOING VALUE WATER-WORKS. 


any engineering project involving ultimate return the investor 
the shape revenues, there must considered not only the expendi- 
tures necessary build the physical plant—with which, course, the 
engineer most directly concerned—but also the investment necessary 
put the plant into successful operation and create the revenues 
that justify its construction. 

This portion the cost project has been termed the Courts, 
the “Going Value,” the “Going Concern Value.” 

Too often the promoters investors legitimate enterprise have 
either overlooked the importance providing the necessary funds 
this cost the Going Concern, which will seen made 
largely the deficits occurring the early operation and develop- 
ment the business completed plants, they have under-estimated 
their amount. the same way, also, the engineer has failed some- 
times call the attention the financier the fact that such 
deficits will inevitably encountered the early days operation. 
Such costs not being properly chargeable physical construction, the 
engineer, called his client design and supervise the building 
the plant, but not concerned with its operation with the upbuild- 


Nore.—These papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published Transactions. 
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ing its business thereafter, has naturally considered these costs 
outside his domain responsibility. 

There are circumstances, however, which compel the engineer 
give attention this part the investment, and which raise the 
question whether, after all, not better fitted determine these 
expenses intelligently than the promoter, the financier, the 
owner; for the study such added values involves primarily knowledge 
plant operation, well business promotion, class informa- 
tion which the consulting and supervising engineer must have, order 
design plants which may operated economically. The engineer, 
well versed such matters, therefore, should fair and competent 
judge the going value project the design and cost its 
physical structure. 

The necesssity estimating going value has been forced directly 
the attention the engineer engaged constructing and operating 
publie utilities the fact that often called value the plant 
and property concern. The work estimating the 
physical part the property not difficult, and usually lies well within 
the domain his acquired experience, but when comes estimating 
the value already acquired income, involving, does, work- 
ing knowledge operating costs, hypothetical growth, estimates 
semi-developed revenues, and the like, the engineer finds himself con- 
fronted with problem which demands—in addition such experience 
—some knowledge the law, judicial attitude mind, and logical 
thinking the highest order. 

the last dozen years so, the frequent demands for the appraisal 
and valuation water-works properties America, for the purpose 
purchase for rate-making, have compelled the attention engi- 
neers this difficult subject degree perhaps greater water- 
works than any other class public utilities, that, while going 
value common almost all forms human enterprise, and will 
inevitably more and more clearly recognized all cases where 
complete preliminary estimates scientific re-valuation are required, 
yet, the present time, water-works valuations have been responsi- 
ble for most the effort which has been made systematize logical 
investigation this subject. 

Methods for properly estimating going value have been discussed 
water-works valuations for more than dozen years, and many 
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minds have contributed valuable suggestions which have modified early 
views and systematized its computation, until now certain general 
principles, concepts, and courses procedure for determining going 
value, have come recognized sound and helpful. 

not strange, however, that estimators new the subject, who 
from time time find themselves obliged give attention, are 
temporarily involved some its complexities, and originate sugges- 
tions which have already been well discussed and perhaps shown not 
stand the test reason. This, course, tends confuse the dis- 
cussion. desirable, therefore, that what has already been accom- 
plished should recorded, that further progress can made. 

attempt record what had already been thought out, 
well suggest lines for further discussion, there was presented 
the American Water-Works Association, June, 1909, paper 
Mr. Alvord entitled “Notes Going Value and Methods for Its 
Computation,” which those interested may refer for more general 
and preliminary treatment the subject. may added that 
valuable discussion followed the presentation the paper. 

Fully that lack information and discussions 
have given rise honest differences opinion the details going 
value determination, the writers offer this paper further contribu- 
tion the subject, with particular reference certain phase it, 
namely, the consideration attached the interest account. This 
item, though comparative insignificance the valuation small 


plants, very substantial importance its bearing the going 
value large plants. 


VALUE. 


Going value may defined the value created income, 
—from the reproduction point view—the cost acquiring given 
income. Commonly, though erroneously, considered intangible 
value, none the less real element cost, which must taken 
into acccount. 

The “going value” the public service quasi-municipal cor- 
poration somewhat analogous the “good-will” the business 
corporation. requires time and investment build good-will 
business. The operator the public service corporation knows that, 
under ordinary circumstances, cannot hope meet the operating 
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expenses and fixed charges his corporation the first few years 
its existence. must pass through formative period during which 
the losses operation and fixed charges must carried until its 
gross income sufficient, not only meet the operating and mainte- 
nance expenses, but also leave margin sufficient cover deprecia- 
tion and fixed charges. 

Going concern cost, therefore, much part the reproduc- 
tion cost service corporation’s property the repro- 
duction cost its physical plant. appertains, however, the 
business, rather than the physical part the plant. 

fundamental principle, must clearly understood that cost 
not synonymous with value. What property has cost the past 
may use determinjng what its present value is, but clearly 
past cost not necessarily identical with present value; therefore, 
determining past cost one should confine oneself that line inquiry 
alone until completed, and reproducing plant only proper 
and logical consider similarly what would cost rebuild under 
present conditions. The two should not confused. Both may aid 
determining value. Neither value itself alone. 

The Wisconsin Public Service Commission, one its recent 
decisions, has taken measure going value, reproduction 
the property, the past cost the company, operating deficits, 
advertising, and other expenses incident building its income 
the point where carry the depreciation 
and fixed charges, well the operation and maintenance ex- 
penses the project. applied the reproduction method, this 
interpretation going value erroneous, because deals with the 
“original” cost, and not the “reproduction” cost, developing the 
present income the plant; and because, while admitting that original 
cost significant determination the value the corporation’s 
property, the Courts hold that not controlling importance, and 
have laid down the precept that the reproduction cost, the date 
valuation taking the plant, shall accurately determined 
one the standards present value. 


such the case with reference the physical plant, why not 
with reference the business the corporation? Obviously, should 
so, for moment’s reflection will make clear that, with growth 
population, the company has face constant demands for new capital, 
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meet the growing needs the community, and this new capital 
passes through period when does not earn adequate return, 
exactly the same way occurred the case the capital originally 
put into the plant. The going value the plant, therefore, under 
normal conditions, should increase with the lapse time, and with 
increasing investment plant and business. 

The Measure Going Value—What, then, the measure this 
going value, and what elements influence its amount? 

Without going too minutely into history the development 
the methods for the determination going value, already fairly well 
established, suffice say that general way has been found 
necessary measure this element hypothetical comparison. This 
done determining the difference earning capacity between the 
plant and hypothetical new plant, which, for convenience, 
may called “The Comparative Plant.” This comparative plant 
assumed built, beginning with the date valuation, taking, 
and acquire business the level the existing company 
rapidly possible. The sum the present worths the annual 
excess net return the existing plant over the hypothetical 
comparative plant, the period years from the date taking 
the time when the earnings the comparative plant are assumed 
become identical with those the existing plant, represents the going 
value the existing plant. 

The sum thus obtained represents the additional amount which 
purchaser could afford pay the owners the existing plant for 
its established income, over and above the cost its physical property. 

This method arriving going value may termed the 
“Comparative Method.” 

Investor the Parting the the case large 
plant, which the period years required for the reproduction 
building its physical property would long, will helpful, 
analyzing its going value, place oneself the position 
assumed capitalist, who stands, the date valuation, the 
position having hand the necessary capital, that could 
either buy the existing going plant with its established business, 
build new hypothetical comparative plant replace the 
existing one under non-competitive conditions. brief, this im- 
aginary capitalist may considered standing the parting 
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the ways, with choice two paths, and desiring know from 
his engineer their relative financial desirability. This requires the 
engineer determine for both cases the probable return which the 
capitalist would receive his investment, during the period years 
assumed fairly necessary for comparative plant acquire the 
growing business the existing plant. 

Knowledge operating conditions and growth plants under 
different circumstances allows this comparison made with greater 
certainty thany might supposed. necessary, however, 
strictly judicial and thoroughly logical, order produce reasoning 
which will stand the test cross-examination. 

Some this reasoning will followed: 

Should the capitalist take the first path, and buy the existing plant, 
will evidently receive return his investment the net income 
indicated its past history, modified such circumstances will 
likely influence its net income during the period when new 
comparative plant can reasonably hope overtake its development. 

chooses the second path, that is, build the new hypothetical, 
comparative plant, must assumed have hand the date 
taking, capital sum equal the full reproduction cost the 
existing plant and its business. This capital must keep such 
ready, convertible, form enable him meet the hypothetical 
costs and expenses they arise. 

Obviously, this second path, builder new plant, 
will not have use the full amount his capital first, but will 
make only such expenditures may conform the reasonable con- 
struction requirements from year year, until the end the construc- 
tion period his comparative plant, and thereafter, such additional 
expenditures, the end the going value development period, 
may correspond the cost developing the business going value 
newly starting company. 


The capitalist then finds himself, this second path, the posi- 
tion still having hand the end the first year, considerable 
proportion his capital, which portion will able earn 
rate interest commensurate with the need keeping con- 
vertible form. For comparative purposes, however, will lose the 


return the money expended during the first year for construction 
requirements. 
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Similarly, for the second, third, and additional years construc- 
tion and development going value. 

Clearly, the existing plant small, that the construction 
period comparative will not exceed one year, the amount 
unemployed capital which interest can earned, pending its use 
for construction purposes acquirement business, will small, 
perhaps negligible, and will have little effect the going value the 
property question. 

the case large plant, however, element 
importance, substantially reducing the amount the going value 
which would obtain, were this return unemployed capital neglected, 
and, therefore, must given careful consideration. 

remains, then, compare these two paths terms returns 
the two plants, through the period required for the development the 
comparative plant. this, first find the differences the return, 
under proper accounting methods, the existing plant, the light 
its past history, and the comparative plant, under reasonable 
assumptions development income, including allowance for 
depreciation both cases, but excluding consideration the interest 
charges; then, the sum the present worths these differences, 
add the sum the present worths the annual return the un- 
employed The result thus found should logically measure the 
going value. 

evident that interest should not included operating 
charge, for the reason that the relative return the two plants, 
which interest part, the thing sought. include interest 
profit capital (invested plant, contradistinction unemployed 
expenses portion the very return which desired value, 
derived the two comparative investments. 

importance the beginning understand clearly that all 
accounts with the capital under consideration must begun the 
date taking, the parting the ways, has been called, 
because the discussion return wholly comparative one from this 
point view. Some confusion has resulted, even the part those 
familiar with the subject, due lack appreciation this fact. 

The writers, therefore, will proceed more detail this 
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question return, which meant, the case the existing plant, 
the difference between gross annual income and operating, mainte- 
nance, and depreciation charges, excluding interest charges, however, 
and the case the comparative plant the same difference plus the 
income derived from the unemployed capital. 

discussing the development and operation the comparative 
plant, the following considerations are importance: 

First.—The rate interest for readily convertible capital low. 
will vary with the length the period construction, and 
lesser degree with the length the period acquisition the busi- 
ness the existing plant the new comparative plant. For the bulk 
the unemployed capital, held readily convertible form, but await- 
ing use for construction too high rate most cases. 
Probably 4%, more less, depending local conditions, fairer 
rate. For that portion the unemployed capital which used 
for construction purposes during the year, unless its amount very 
substantial, year, thereabouts, the average balance bank, 
would seem fair allowance. 

Second.—Bankers will charge discount, brokerage, for the 
service holding funds readiness for use required construc- 
tion needs, which will tend decrease the net rate return the 
unemployed capital. 

Third—While this discount for keeping funds readiness would 
reduce the average rate interest, the amount deposit during 
the year substantial, portion the bank balance can kept 
the form certificates deposit, which rate interest higher 
than 29% should earned. the anticipated annual expenditures 
plant construction are very large, careful analysis may made 
the probable bank balances affecting the rate interest which 
might allowed thereon bankers. Under these assumptions, the 
average rate interest which would earned the capitalist his 
unemployed less discount, would probably vary between 
and per cent. 

larger the rate interest allowed this unem- 
ployed capital, the smaller the resulting going value the existing 
plant. The actual effect (in percentage) going value, lesser 
importance than would perhaps appear first thought, for the reason 
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that the period during which there unemployed capital hand 
small, compared with the total going value development period. 

its more general aspect, the comparative method computing 
going value may said conform the actual experience the 
investor public service properties, and, some extent, the condi- 
tion which would have face were build rival plant, rather 
than buy existing plant. Such the case when city, desiring 
duplicate public utility, rather than purchase the existing 
property, overlooks willfully neglects the fundamental economic 
conditions which must meet, assuming that reproduction the 
physical property all that necessary, without allowance for going 
value. Under such circumstances the property reproduced under 
competitive conditions (contrary the non-competitive fundamental 
hypothesis the “comparative” method), which inevitably builds the 
going value large proportions. This has been the actual experience 
certain cities such Mobile, Ala., Sioux Falls, Dak., Newark, 
Ohio, and others. 

The general theory going value conforms strictly the repro- 
duction cost theory, and makes assumption what the existing 
plant should earn its investment, but based the actual past 
return derived the existing plant and the probable return the 
immediate future. 

Furthermore, the results obtained the application this com- 


parative method appear comport with the range going values, 
common enterprises this sort. 


What, may asked, are the factors most affecting going value? 

the comparative method, aside from the relative gross earnings, 
and operating and maintenance expenses, the factors influencing most 
the magnitude the going value are: 


The period construction required for building the assumed 
new hypothetical, comparative plant; 

The going value development period, the period from the date 
taking the time which assumed that the compara- 


tive plant may overtake the growing business the existing 
plant; 
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The rate acquisition income the comparative plant, 
during the going value development period; that is, from the 
date taking the time when the comparative plant 
assumed have reached the same stage development 
business the existing plant; 

The stage development the existing plant; that is, whether 
may said condition where its income truly 
commensurate with the degree development 
plant, instead being either over-built 

The difference annual depreciation charges assumed for the 
two plants; 

The rate return the unemployed capital used 
building the comparative plant, estimated reasonable for 
capital which must kept readily convertible form for 
application construction. 


Period Construction.—The period and rate construction any 
comparative plant will determined the ability plan and build 
wisely and economically. Experience has shown that, except cases 
where the work scattered make possible its subdivision into 
large number contracts, the annual expenditure sum 
excess not easy matter. the other hand, must 
admitted that the desire earn return the investment the 
earliest possible moment, constitutes strong incentive push the 
work completion rapidly possible, after its inception. 

Order order construction will influenced 
largely the desire for the early development income, and 
even reasonable assume some cases that temporary structures 
may built, with this end view, and abandoned after the comple- 
tion the permanent plant. The recent experience building the 
water-works for the new city Gary, Ind., furnished striking 
example this, for there some temporary pipe lines, temporary wells, 
and temporary pumping plant were built serve the city during the 
construction the permanent water-works. These temporary struc- 
tures were afterward abandoned, but they had served not only the 
economical purpose making more convenient the work the 
builders this magic city, but also reducing the cost the going 
value its water-works. 
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Going Value Development the longer the 
period assumed necessary for the development the comparative 
plant the growing business the existing plant, the greater will 
the going value the existing plant. The effect this factor less 
marked than that the rate ‘acquisition income during this 
period, for the reasons that the differences income decrease rapidly, 
and that the going value not determined taking the sum the 
annual differences net income, but their present worths brought 
back the date taking valuation, and the present worth factors 
become less and less the period years required for the development 
increases. 

The past history water-works, many which were built during 
the Eighties, not fair criterion for the period required for the 
acquisition development business water-works to-day, prin- 
cipally for the reason that the public now educated higher 
standards living, and the use water under pressure, which 
would result much more rapid development income water- 
works now than formerly. While some have urged that water 
company entitled credited with the cost involved educating 
the public modern standards, was not this cost rather the 
nature operating cost, than capital expenditure, inasmuch 
this advantage immediately accrues, without cost, any new- 
comer the field, and cannot held monopoly asset the 
existing company? usually assumed, therefore, that the public 
educated the use water, and that the cost that education 
lost the existing plant. 

Rate Acquisition Income.—The rate acquisition business 
comparative plant the greatest importance, and especially 
the rate development assumed for the first two three years 
its operation. 

Several theories bearing the rate acquisition the business 
the existing plant the comparative method have been advanced, 
the most important which are follows: 

(1) The theory that soon portion the comparative plant 
completed, the portion the existing plant corresponding goes 
cut when the first stretch distribution pipe system 
laid, after the completion the water supply system, the correspond- 
ing part the existing company’s system assumed out 
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service. The abutters this pipe line have then the option taking 
water from the new company, making other arrangements for 
obtaining their own supply. 

Obviously, under such drastic assumption, logical, but purely 
hypothetical, the rate acquisition business would depend sub- 
stantially the rate construction the plant, and, the business 
section the city least, the income the existing company would 
derived the comparative company very rapidly. residential 
portions the city, conceivable that the existence wells and 
other facilities for obtaining water might result slower rate 
acquisition business. 

(2) The theory that the date valuation, taking, the exist- 
ing company notified that the city will build new plant replace 
the old, and that the completion the new system, the franchise 
and contract rights the old company will 
such assumption, the income the old company would much 
more gradually developed the new company, than under the first 
theory, many takers would continue support the old company, 
long was business. Many the old takers, however, would 
connect with the new company’s mains and give the old supply. 

(3) The theory that the community now being served the existing 
plant without public water supply, and has never enjoyed the service 
water-works.—Under such assumption, substantially service 
connections exist, and only those houses have water-works and plumb- 
ing fixtures are assumed have had their own individual water 
supplies. substance, therefore, assumed that the comparative 
starting plant built new field, though the people the com- 
munity are assumed educated the value public water 
service under pressure, and may reasonably expected make 


nections with the mains the comparative company and take water. 


therefrom, soon they can prepare their houses for it. While this 
theory recognizes that the education the public the advantages 
public water supply has cost the existing company substantial 
amount, does not recognize that this cost should the 
company asset which can hope retain. 

(4) The theory that the limiting rate for the acquisition busi- 
ness the comparative company the speed with which service con- 
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nections can made and pumping fixtures theory 
has little commend logically. 

will observed that under none these theories the com- 
petitive theory developed; and with reason, for such assumption 
would imply conditions entirely foreign those under which the 
existing company, the going value which under determination, 
operating, and would therefore not correct gauge standard 
for determining its going value. Moreover, whether the danger 
competition eliminated the character the franchise, whether 
prevented the strength the position the existing com- 
pany, the past experience cities which have built competitive 
water-works, the water-works business large community fact 
virtually controlled monopoly, and the best interests the public 
dictate that this should so. might added that control 
intelligent and honest public service commission preferred, 
alike from the quasi-municipal corporation’s point view and that 
the public, which serves. 

Momentary Stage Development Old Plant.—The going value 
the existing plant will somewhat affected the relative stage 
its financial development, amount its income, compared with 
its momentary physical development. must, therefore, noted 
whether the existing plant what might termed “normal 
effect “over-built” “under-built”; that is, whether, the one 
hand, the company has recently incurred construction expenses 
improving its facilities which its income has not yet grown, or, 
the other hand, has failed make necessary improvements keep the 
plant first-class condition, thoroughly modern standards and 
the reasonable needs the community which serves. 

one may recognize three conditions which plant may 
find 

(1) That the “over-built which finds itself position 
unable earn operating and maintenance expenses, depreciation, and 
full jnterest charges and return upon its value, result recent 
heavy capital construction expenditures, unless perchance the 
return earned the value the plant prior these construction 
expenditures was unreasonable make the rate reasonable when 
the return applied the greater capitalization. the final 


q 
{ 


Papers. THE GOING VALUE WATER-WORKS 169 
analysis value, weight should given this condition the over- 
built plant, well the past financial history the company and 
existing conditions which may bear the ability the company 
grow income the new capitalization; but cannot recognized 
computing the cost reproducing the income, going value, 
the existing plant. 

(2) That the “normally developed plant,” which the financial 
return commensurate with the value the property and the security 
hazard the business. 

(3) That the plant,” the physical condition 
which obviously below reasonable standard for the community 
which serves, which fair assume that the existing net 
income will substantially reduced the expenses incident the 
additional capital expenditures required bring the plant rational 
standard water-works construction service. Here, again, the past 
history and present conditions, referred above, are importance. 

Effect Difference Annual Depreciation Charges.—As regards 
the effect going value the relative annual depreciation estimated 
for the two plants, reasonable assume depreciation begin, 
the case the new comparative plant, the completion and 
beginning operation its several component parts, which con- 
stitute workable units. the case small plant, requiring not 
more than one year for construction, the contribution the deprecia- 
tion account fund will not begin until the end the first year after 
the completion the construction the entire comparative plant. 
the case large plant—such, for instance, that which period 
able assume that contributions shall made depreciation fund 
the several portions the plant they are completed and put into 
operation; thus, assuming that driven-well system, pond intake, 
and portion the distribution pipe system had been completed 
rapidly possible, the interest developing early income, 
depreciation should charged these portions the plant their 
completion and use, without waiting for the final completion the 
entire plant, which might follow several years later. 

The Rate Return Unemployed reasonable rate 
return the unemployed capital, which the builder the compara- 
tive plant assumed have hand, has already been discussed. 
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From 4%, more less, was assumed constitute reasonable 
return, the eastern part the United States, capital invested 
sound, readily convertible securities, and 2%, thereabouts, 
full calendar months, unemployed capital carried deposit the 
bank subject draft all times during the course the year. 
The obvious effect the magnitude the rate return the 
unemployed capital the going value the existing plant. 


The higher the possible return such convertible investment, the 
lower the going value. 


PLANTs. 


making comparison between the operations the existing and 
the comparative plants there must considered: 

(1) The relative income derived both from public and private 
sources 

(2) The relative operation and maintenance expenses; and, under 
this item, taxes and repairs are included, well the 
other items generally covered the operation and mainte- 
nance accounts, omitting interest return capital in- 
vested plant; 

(3) The relative depreciation; 

(4) The relative net revenue. 


determining the financial operations the existing plant during 
the going value development period the comparative plant, the past 
financial history and the conditions under which the plant operate 
must analyzed carefully. 

determining the corresponding figures for the comparative plant, 
due weight must given the studies made the operation the 
existing plant, well the conditions surrounding the comparative 
plant. The net reproduction cost estimate the existing plant (after 
deducting accrued depreciation) will determine the construction cost 
assumed for the comparative plant. 


Limit Account For INTEREST 
CoNSTRUCTION. 


the construction cost the comparative plant, the existing 
plant, there must included allowance for loss interest during 
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construction quite independent from the interest “return” which will 
earned later the property the company. 

This apparent duplication interest has been the source some 
confusion the minds those who approach this subject for the first 
time. will clear the seeming paradox, however, remember that 
interest-during-construction payments are inevitable all projects; 
they cannot avoided; they constitute forced expenditure, alike 
with the cost the bricks and mortar, the pipes and the pumps, and 
cannot recovered any way except addition capital account 
floating debt. Interest during construction, therefore, logically 
not “return” income any such sense one speaks return, 
comparisons for determining going value, but essentially construc- 
tion cost. The confusion has resulted only because the word “interest” 
has different significance the two cases. 

The dividing line between interest chargeable the item “interest 
loss during construction,” which added construction cost, and 
“interest” which return the investment the company, drawn 
the point where the several parts units, making the plant 
whole, are completed and put into operation, and thus begin earn 
some income return, instead being dead load the company. 
the other hand, must borne mind that the plant cannot 
expected earn the full amount the fixed charges, addition 
operating, maintenance, and depreciation charges, immediately 
beginning the operation the several parts the plant, and that the 
losses during such formative period must therefore carried capital 
account, through going value, precisely the same way that interest 
during construction must carried construction account. There 
other means compensating the builder investor for these 
early losses. 

tion fail permit them recover these early losses, make the 
public pay, through the agency the rates, annual return forever 


after the completion the works, excessive, wasteful, and foolish 
construction. 


clear, therefore, that, after operation has begun, the early 
losses interest the investment value the plant form con- 
siderable part the going value, and that less interest during 
construction, the point operation, must credited capital 
account construction expense. 
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APPLICATION OUTLINED. 


Assumptions Plant.—For the sake illustration, 
and make clear the principles which have been discussed, the writers 
have assumed typical case order show the steps necessary 


determine the going value large property the comparative 
method herein outlined. 


ASSUMED ANNUAL GROSS INCOME, OPERATING 
EXPENSES AND NET INCOME 
FOR EXISTING AND COMPARATIVE PLANTS 
1910 


1910 1911 1912 1913 1914 1915 1916 1917 1918 1919 1920 1921 1922 1923 
$1500 000 


1400 000 


1300 000 


End of Construction Peri 


1911 


1914 1916 1917 1918 1919 1920 1921 1922 1923 


Fie. 

The plant which has been taken for illustration imaginary 
one, supposed serve population 300000 persons, but care has 
been taken make the data consistent and conformable figures 
found operation. This statement made, however, that the reader 
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may not misled into supposing that the figures have been copied 
directly from the report any public private water-works. 

Fig. shown forecast the assumed probable gross annual 
income, net annual income (excluding depreciation and fixed charges), 
and operating expenses (excluding depreciation and fixed charges), 
the assumed plant, called “the existing which supposed 
based the past financial history such plant, and the assumptions 
contained Table 


Year ending December 1910. 1915. 1920. 
300 000 330 000 000 
Miles pipe, all 480 520 570 
Population per mile 625 635 640 

Per 1000 133 136 140 
Daily, millions 36.3 43.8 
Per capita, gallons per day...... ..... 100 110 120 
Per mile pipe, gallons per day...... 500 800 900 
Per tap, gallons per 750 807 859 
Per million gallons consumption......... 89.9 81.10 
Gross income, exclusive hydrant $896 400 013 200 192 
Per million 81.90 74.60 
Cost operation, exclusive fixed 
and $360 000 $402 000 $430 000 
Per | 9.00 8.94 | 8.44 
Percentage gross 33.8% 33.2% 
| 
Net income, exclusive fixed charges and 
Per million gallons 59.40 54.20 


units have been computed 
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further assumed that the investment the physical part 
the existing plant amounted 600 000. 

The problem, therefore, consists determining: first, the interest 
loss during construction, and second, the going value. 

made January Ist, 1910. 

Construction Period assumed that period 
years—say from 1910 1916—would reasonably required build 
new comparative plant identical with the existing plant, the 
date taking 1910. 

Going Value Development assumed that period 
years (or, other words, years addition the period con- 
struction) will required the comparative plant develop 
income identical with that the existing plant. 

Beginning spite the fact that 6-year period 
has been assumed required build the comparative plant, 
assumed that prudent investor would plan his order construction 
make available the earliest possible moment certain parts 
the comparative plant, such the water supply and distribution pipe 
system, that the latter could put into commission and become 
source revenue early date practicable. Obviously, the 
magnitude the interest charges the comparative plant, during 
the construction period, would strong incentive such course 
action. 

Character Plant and Order Construction.—For purposes 
illustration, assumed that the plant under question consists 
pond driven-well supply, limited extent, supplemented 
filtered river-water supply derived through large impounding storage 
reservoirs, involving the construction, not only filter plant, but 
expensive impounding reservoirs, dam, and conduits, two pumping 
stations, one care for the small pond driven-well supply, the other 
care for the main supply from the impounding reservoirs. 


The assumed order construction shown Table grouped 


Distribution pipe 

Pond driven-well supply, and sterilizing plant, with pumping 

Filter plant, conduits, 
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Pumping station for enlarged supply and extension same 
after the year 1913 the installation additional pumping 

Storage dam and impounding reservoirs. 


The real estate, water rights, and rights way are assumed 
distributed the several divisions which they 

The cost engineering and contingencies also included under 
the several individual items cited above. 

The interest during construction, however, well the going 
value, remains yet determined. 


INVESTMENT. 


CoMPARATIVE PLANT.” 


(1) (2) (4) (5) (6) (7) (8) 
January 1910. 
January ist, 1911. $800 000 
January ist, 1912. 500 000 
500 000 400 000 300 2100000 
January 1913. 600 000 
000 300 000 400 000 
January 1914. 500 000 
200 000 800 1300000 
January 1915. 800 000 
100 000 200 000 800 000 
January 1916. 600 000 


Beginning Operation Different Portions Comparative 
assumed that January 1912, the small supply 
from pond driven-wells will available. The filter plant and 
main pumping station assumed completed and ready for ser- 
vice January 1914, the additional pumping units installed 
thereafter being ready for service between January 1915 and 1916. 
assumed that about January 1915, the storage dam 
and impounding reservoirs can put into service, though not finally 
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completed until January 1916, and that the pipe distribution sys- 
tem built any year available for service the following year. 

Loss Interest During Table has been com- 
puted the loss interest during construction this plant, based 
the assumptions miade the order construction 
shown Table and the discussion following, and the further 
assumption that the for the charges for loss interest 
construction account operating account drawn the 
point completion and service any revenue-producing 
unit the plant. 


TABLE .3.—Comparative 


verage 
VALUE, EXCLUSIVE VALUE AND INTEREST 


During 
December account. 


year. 8ist. | 
(1) (3) 


$800 000 $824 000 
500 000 623 000 


Thus, loss interest during construction allowed the average 
amount investment during the year 1910 the rate 6%, 
the assumption that the work built during that year cannot be. revenue 
producing until after the year 1911, pending completion the water- 
supplying works. Similarly, interest allowed during the year 1911, 
not only the investment during the year 1910, but the investment 
during the year 1911. After January 1912, however, the interest 
the investment pond driven-well supply assumed ‘be 
charged operating cost fixed charges, and not capital account 
under the head interest lost during construction, for the reason that 
assumed that this portion the plant, being available through 
the agency the pond driven-well supply and the 


Date. 
| During 
year. date. 
(4) (5) (6) (7) 
Total allowance for lost interest-during-construction 
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pipe system built that date, now the revenue-producing 
Similarly, interest lost during construction charged capital 
account the filter plant, during the years 1912 and 1913, and there- 
after the operating account fixed charges, for the reason that 
the filter plant assumed revenue-producing operation after 
January ist, 1914, when assumed have been completed, although 
the water-works plant whole not assumed finished until 
January 1916. 

New Construction Going Value Development Period Ignored.— 
consideration taken the new construction required during 
the construction and going value development period, 1910 1920, 
for the reason that, whatever profit loss involved thereby accrues 
alike both plants the comparative method, and has effect 
the going value under determination. 


OPERATIONS PLANT. 


Table are shown the assumed operating statistics for the 
existing plant. 


TABLE 


ANNUAL INCOME AND EXPENSE. 


Net income. Net income 
Year ending Operation, exclusive applicable 
December Gross income.| maintenance,| depreciation Depreciation. fixed 
and taxes. and fixed charges and 
charges. dividends. 


~— 
a 
~ 


Operations Comparative Table are shown the as- 
sumed financial operations the new comparative hypothetical plant, 
without allowances for the income from unemployed capital. 

Income Unemployed Capital—In Table shown the first 
trial computation relating the income unemployed capital. 
will remembered that was suggested that, this method 


a 
370 000 710 000 619 000 
000 752 000 659 000 
395 000 770 000 676 000 
402 000 788 000 698 000 
414 000 821 000 724 000 
420 000 835 000 737 000 
425 000 850 000 751 000 
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computing going value, one should consider himself the parting 
the ways, with amount capital hand sufficient buy the 
existing plant—covering the cost thereof the value the physical 
plant, interest during construction, going value, and franchise value— 
and follow through the steps, relating investment the com- 
parative plant, which the capitalist would take, and the return which 
would get the form interest his unemployed capital. 


TABLE 5.—Comparative 
INCOME AND EXPENSE. 
(From Operation, Exclusive Interest Unemployed Capital.) 


December fixed 
and taxes. which Amount charges and 

(1) (2) (3) (4) (5) (6) 
1913 8385 000 255 000 $2 123 000 $21 000 109 000 
1914 575 000 805 000 8 106 000 31 000 239 000 
1915 } 760 000 844 000 6 065 000 61 000 865 000 
1916 } 923 000 372 000 7 152 900 71 000 480 000 
1917 | 1 063 000 394 000 9 O82 000 91 000 578 000 
1918 | 1 175 000 410 000 9 082 000 | 98 060 667 000 
1919 1 250 000 422 000 9 082 000 | 99 000 729 000 
1920 | 1 296 000 430 000 9 O82 000 100 000 766 000 


Let assumed that could place idle funds rate, 
except the funds required for the year’s which 
the bank rate interest assumed per cent. For simplicity, 
let further assumed that the money expended during one 
year, months’ interest can obtained from the bank cor- 
responding rate bank balances during the year. 

Obviously, the first difficulty with which one confronted that 
the going value has not yet been computed. The comparative physical 
plant was assumed have value 600000; the loss interest 
during construction was found, Table amount $482 000; the 
total investment physical plant, including loss interest during 
construction the assumed existing plant and hence also the 
comparative plant, therefore $9082. The going value, however, 
not yet known, and, therefore, must determined series 
approximate computations. The franchise assumed herein have 
nominal value only. 


| q 
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TABLE 


First Trial Computation Net Annual Income (from Operation and from Interest Unemployed 
Capital) Comparative Plant. 


Assumed Capital hands the Investor-Builder January 1910: 


600 000 
482 000 
800 000 


Value physical 
Interest during construction (Table 3).... 
Assumed Going Value (First Trial)...... 


$10 882 000 


Year 
ending 
Decem- 
ber 
31st. 


(1) 


1910.... 
1911.. 
1914.... 
1915.... 


Net income 
from 
operation 
(see 
Column 
Table 5). 


(2) 


$68 
109 000 
239 000 
365 00U 
480 000 
578 000 
667 000 
729 000 
766 000 


DETERMINATION INTEREST UNEMPLOYED 


CAPITAL COMPARATIVE PLANT. 


Total 
investment 
date 
(phy 
plant 
interest 
during con- 
struction. 


(3) 


$824 000 
000 
000 
000 

000 
9 082 000 
082 000 
000 
9 082 000 
082 000 
082 000 


Going 
value.* 


(4) 


$179 000 
485 000 
811 000 
126 000 
1 395 000 
607 000 
752 000 
842 000 
884 000 
897 000 


Total 
assumed 


investment 


date. 

Column 

lus 
Column 


(5) 


Amount 
invested, 
which 


earning 


interest. 


(6) 


Amount 
withdrawn 
for construc- 
tion during 
the 


(7) 


$824 000 
802 000 
291 000 
676 000 
378 000 
477 000 
689 000 
834 000 
924 000 
10 966 000 
979 000 


$10 058 000 
080 000 

591 000 

206 000 

1 504 000 
405 000 

000 


$824 000 
978 000 
489 000 
2 885 000 
702 000 
099 000 

212 000 

145 000 


One Year’s Interest 


Column 


$402 000 


These items are determined most carrying the computations involved 


assumed that the new plant develops its going value gradually. 
+ To cover physical plant, interest during construction, and going value. 


Total 
interest. 
Column 

lus 
Column 


Half 


(9) (10) 


000 
000 
000 
000 
000 
000 
000 

000 

060 

000 


$410 000 


Total annual 
income 
return on. 

comparative 

plant. 
Column 

plus 
Column 10. 


$410 000 
275 000 
249 000 
261 000 
818 000 
392 000 
490 000 
581 000 
666 000 
727 000 


762 000 


simultaneously. 


thus 
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first trial, assume going value $1800000. Under this 


assumption, the total value (or cost the investor) the existing 
plant would follows: 


Loss interest during construction.......... 482 000 
Assumed going value,...... 800 000 


Therefore, the investor who has concluded build new hypo- 
thetical plant, instead purchase the old plant, assumed have 
assumed further, adopt the same order construction for the 


new comparative plant shown Table Under these assumptions, 
Tables and result. 


JaNuARY 1910. 


PRESENT WorTH Excess EARNINGS 


RETURN. EXISTING OVER COMPARATIVE PLANT. 


Year 
ecember xcess ‘umula- 
(2) (3) (4) (5) (6) (7) (8) 
| 
Se etenk ean $600 000 $410 000 $190 000 1 0.9484 $179 000 $179 000 
ES 619 000 275 000 344 000 2 0.8900 306 000 485 000 
ere | 638 000 249 000 889 000 8 0.8396 326 000 811 000 
eee | 659 000 261 000 398 000 qd 0.7921 815 000 1 126 000 
. eer 676 000 316 000 860 000 5 0.7473 269 000 1 895 00c 
, 693 000 8392 000 801 000 6 0.7050 212 000 1 607 000 
, eee 708 000 490 000 218 000 3 0.6651 145 000 1 752 000 
re 724 000 581 000 148 000 8 0.6274 90 000 1 842 000 
| re | 737 000 666 000 71 000 9 0.5919 42 1 884 000 
751 000 727 000 000 0.5584 000 897 000 
1920.........| 766 000 762 000 4 000 ae Vileawaeneecaus 2 060 1 899 000 
Error First Trial Computation............ $99 000 


Resulting Going Value under First Trial Table 
shown the result the first trial computation going value. 
will noted therein that the going value, which was assumed 
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error assumption of. $99 000. 

Were going value assumed the second. trial 
computation, the resulting going value would found some- 
what less than that sum, account the greater amount. of. interest 
accruing the unemployed which tends.to reduce the going 

value, the other items remaining substantially the same. 

Probably closer results would obtained assuming for the 
second trial computation going value 000. 

Recomputation Unnecessary for the Purpose 
going through the somewhat laborious: process recomputing Tables 
and would not shed any additional light the principles enun- 
ciated, unnecessary, for the purpose this discussion, follow 
through this recomputation. Enough has been said 
principles involved the method going value suggested 
the writers. 


For the second trial, assume going value The 
value the plant under would then be: 


during construction 482 000 
Assumed Going Value (second trial)......... 1880000 


Total value $10 962 000 


the second trial computation, therefore, should assumed 
that the builder the comparative plant starts, January 
1910, with the sum $10 962000 hand. 

Methods Identical when Franchise. Value Included.—Attention 
may called the fact that allowance has been made for fran- 
chise value, the assumption that the franchise has nominal 
only, the works under question, and that, under the forms fran- 
chise enjoyed many works, and with the present-day tendency the 
Courts and service commissions, water-works are approaching. 
condition where they may limited earnings amount which 
will pay dividends substantially only the net and going 
value the property. This has the effect reducing value 
the mere right business. 


If, the other hand, the plant under question had assumed 
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have substantial franchise value, the case many works, 
this franchise value should have been added the sum the physical 
value, plus interest during construction, plus going value, make 
the amount the unemployed capital which the investor as- 
sumed have hand, before making his comparison between the 
existing works and hypothetical works. 

The preliminary costs promotion, organization, and other 
kindred items, are assumed have been included the physical 
valuation. 

Interest during Construction will apparent, from the 
foregoing discussion, that the larger the allowance for the loss 
interest during construction item, the smaller will the resulting 
going value, for the reason that, the gross income and operating 
expenses remaining the same, the amount unemployed capital the 
hands the builder, will increased. This, turn, increases the 
interest accretions unemployed capital, which have deducted 
from the net income the existing plant determining going value. 
The effect, therefore, these deductions decrease the going 
value. obvious, however, that the decrease going value not 
equal the increase interest charges, for the reason that the 
interest allowances unemployed capital are assumed lower rate 
than the loss interest during construction item, and the present 
worths the annual differences net income are taken determin- 


ing going value any given date, instead the sum 
those differences. 


Review 


Having determined the going value any works the com- 
parative method, remains review the matter broad way, 
for must remembered that cost not always synonymous with 
value. 


Thus, the plant assumed herein, the resulting going value 
880 000 amounts to: 


20.7% its estimated net reproduction cost, meaning thereby 
the reproduction cost less accrued depreciation date 
taking, including the early organization expenses, engineer- 
ing and contingencies, interest during construction, 
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17.1% the total net reproduction cost, including the latter 
the reproduction cost the business the company, or, 
other words, the going value; 

1.8 times the amount the gross annual income the old 
plant for the fiscal year ending January ist, 1910; 


3.1 times the amount the net income, January 1910, 

meaning “the net income” the difference between gross 
income and the sum the operating expenses, maintenance, 
taxes, and depreciation. 


remains then consider whether the plant is, the moment: 


(1) “Over-built”; that is, the end reconstruction period, 
far the physical plant concerned, and the begin- 
ning recuperative period, far its financial condi- 
tion concerned, inasmuch some the construction work 
has been built for future rather than present needs, and the 
rates are therefore the moment incommensurate with the 
character the service being furnished; 


(2) “In normal stage development” where the rates may 
said, broadly speaking, commensurate with the character 
the service furnished; 


(3) “Under-built,” that is, where the plant outgrown, where 
collecting rates which are excessive for the character 
the service being furnished it, which case the plant 
may said rapidly approaching reconstruction 
recuperative period physically and reformative period 
financially. 


Effect Size obvious that the case small 
plant, the construction which can executed one season’s work, 
such complication regard the interest unemployed capital 
nor necessity for refinement computation exists. 

The writers have felt might interest, however, 
attention the difference the nature the problem when dealing 
with large plant requiring period several years for its construc- 
tion, and point out method for the determination the going 
value such cases. 
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GENERAL APPLICABILITY PRINCIPLES. 


The principles enunciated herein, sound, should find general 
applicability the valuation all forms business enterprises. 
Good will general business enterprises should susceptible 
similar analysis that herein outlined for public service corporations, 
when the theory reproduction utilized the basis appraisal, 
provided due weight given the modifying conditions circum- 
stances under which the property under valuation operating. 


Going value defined the value created income. While 
pertains the business rather than the physical plant, 
nevertheless true that any just determination the reproduction 
the cost reproducing pipe lines, pumping stations, any other 
part the physical plant. 

means determining going value, the “comparative method” 
suggested. This consists analysis the relative net earnings 
return derived from the existing plant compared with that 
from hypothetical “comparative plant” which assumed built 
the date valuation and acquire the business the existing 
plant, the territory served it, rapidly possible, under non- 
competitive conditions. The sum the present worths the annual 
excess net earnings, return, from the existing plant, com- 
pared with those from the comparative plant, the period years 
from the date valuation the time when the earnings the 
comparative plant can reasonably assumed equal those the 
existing plant, then the measure the going value the exist- 
ing plant. represents the amount which purchaser could afford 
pay for the existing property with its established income, excess 
the value its bare physical plant. 

analyzing the going value any public service corporation, 
suggested that the investigator place himself the position 
investor having hand the necessary capital, either buy the exist- 
ing going plant with its established business, build new com- 
parative plant replace and its established business under non- 
competitive conditions, and then determine the return which would 
receive upon his capital both cases. 
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The principal factors affecting going value are: 
The period construction required for building the compara- 
tive plant; 

The going value development period; 

The rate acquisition income the comparative plant; 

The stage development the existing plant, whether over- 
built, normally developed, under-built; 

The difference annual depreciation charges for the two 
plants during the going value development period; 

The rate return assumed upon the unemployed capital 


the builder, the time completion the comparative 
plant. 


Or 


The application these principles illustrated the solution 
hypothetical problem, involving the determination the going 
value water plant city assumed have 300 000 population. 

the case small plants, requiring but year, more less, 
for construction, all the refinements suggested this paper are not 
necessary. 

The principles outlined the “comparative method” suggested, 
sound, would seem settle the controversy which has arisen the 
propriety including interest fixed charges operating expense. 
Clearly, the principles enunciated are sound, the fixed charges should 
not included. 

conclusion, the writers dissent from the view taken the Wis- 
consin Public Service Commission the nature and method 


computing going value determining the reproduction cost public 
service property. 
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PAPERS AND DISCUSSIONS 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


SOME TESTS LARGE STEEL COLUMNS. 


Aprit 19TH, 1911. 


This paper describes the tests five columns, representing members 
Bridge No. 42, the Pittsburg Division the Pittsburg, Cleve- 
land, Chicago, and St. Louis Railway, over the Ohio River, Steuben- 
ville, Ohio. Through the courtesy Bland, Am. Soe. E., 
Engineer Bridges, Pennsylvania Lines West Pittsburg, the 
writer enabled present the results these tests. 

The tests were made Pa., excepting the preliminary 
loading Column No. which was done Watertown Arsenal. The 
tests were conducted the writer jointly with Mr. Buchanan, 
Assistant Mr. Bland. 

The outside cross-section dimensions the columns were approxi- 
mately in., each having sectional area about sq. in. 
The length one column was ft., and that each the others 
was ft. in. test purposes, they were provided with 10-in. 
pin ends; the bridge, however, the connections were all riveted. 

The type the columns and the details construction are shown 
Fig. The columns were made angles, with out- 
side web-plates in. wide and in. thick; and, between the legs 


Notr.—These papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published Transactions. 


the angles, which faced inward, there were web-plates 174 in. wide 
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and in. thick. The columns were single-latticed, with flat bars, 


in. wide, in. thick, and ft. in. from center center. 
intervals there were diaphragms plate. Steel rivets, in. 
diameter, were used, and were driven holes which were sub- 
punched in. reamed in. larger than the nominal size 
the rivets. 

The ends were reinforced pin-plates, the inside 
in. thick and the outside ones in. thick, and each set was riveted 


2 


the members with rivets. 


will not necessary remark the unusual opportunity 
afforded these tests acquire information columns designed 
according, recent engineering practice, and sizes representing 
work magnitude. addition the determination the ultimate 
strengths, observations were directed matters constructive details, 
and the behavior the columns under loads preceding the final 
crippling ones. 


The general results the tests are shown Table 


LENGTH. APPLIED. 
Sectional area, 
inches. Gauge Total,in Pounds per 
reading. pounds. square inch. 
, Sages: 86 5 47.2 | 90.33 806 2 600 962 28 794 


The ultimate strengths Columns Nos. and were not reached. 
Columns Nos. and failed locally the pin-plates, immediately 
front the pins. Column No. failed the web-plates buckling 
inward, distance ft. in. from the end, causing sharp bend 
the member this place, with sidewise deflection, parallel the 
axes the pins. the direction failure the radius gyration 
was 9.15 in., against 9.84 in. right angles thereto. 

Although, the tests two columns, the maximum stresses which 
were capable being sustained by. the columns were not applied, 
while two others failed locally, believed, nevertheless, from the 
indications the tests, that the ultimate strengths all were fairly 
represented that Column No. 
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The grades metal used the fabrication these columns are 


shown Table which gives the chemical analyses the melts which 
furnished the plates and angles. 


AND ANGLES. 


6 542 0.22 0.54 0.019 0.083 
16 266 0.27 0.51 | 0.007 0.084 
31 943 0.25 0.46 0.021 0.040 
238 0.2 0.47 0.008 0.041 
24 879 0.18 0.538 0.007 0.032 


Tests and analyses rivet steel the same grade that used 
gave the results Table 


TABLE 3.—Resutts ANALYSES RIVET STEEL. 


limit. strength. 
8174 35 120 52 580 3 64 0.09 0.45 | 0.007 | 0.083 
12 218 88 480 | 53 510 33 68 |} 0.09 0.35 | 0.007 | 9.029 
16 283 83 780 51 370 | 34 | 65 || 0.09 0.51 | 0.007 0.080 
18 184 36 320 | 50 180 | 34 66 || 0.10 0.45 | 0.007 0.087 


The quality the metal the plates and angles further shown 
the stress-strain diagrams, Plates XIX, from the records 
the Pittsburg Testing Laboratory. Tests pertaining the same 
column are grouped the same sheet. 

Concerning the applicability the results tensile tests the 
behavior compression members, may remarked that the elastic 
limits metal this kind are generally coincident value 
tension and compression, and the characteristics the stress-strain 
curves are similar for loads and the vicinity the elastic 
limits. 


Considerable variation appears the elastic limits the tensile 


tests metal from the same melt, and, furthermore, the plates and 


angles ‘assembled the same column were characterized differences 


this kind. That column would benefited having the elastic 
limits the component parts substantially the same value, there 
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hardly doubt, but, practically, variation some degree 
expected. 


Maximum and minimum values the elastic limit and yield point 


found the same melt are given Table and Table shows the 


elastic limits the principal component parts each the five 
columns. 


PLATE METAL. 


Melt. 
Maximum. Minimum. Difference. Maximum. Minimum. Difference. 
6 542 82 250 28 370 8 880 838 650 80 940 7710 
16 266 36 200 29 600 6 600 89 200 33 460 5 740 
21 943 81 300 30 300 1 000 35 070 84 440 630 
METAL THE ANGLES. 
24 879 88 100 80 000 8 100 88 780 35 950 2 830 
23 983 87 300 80 200 7100 88 810 82 860 5 950 


PER INCH. 


PER INCH, 
column 
Plates. Angles. Plates. Angles. 
1 80 300* 88 100 | 4 33 2u0 34 500 
400 800 000 200* 
82 200 30 000* 28 370* 82 500 
400 500 000 600 
2 36 200 85 900 5 34 600 36 900 
31 300* 35 100 29 600 83 800* 
82 250 | 82 300* 29 400* 35 060 
800 
35 100 831 500* 
30 000* 34 500 | 
80 700 31 400 


*Minimum values. 


The maximum and minimum values the elastic limit, rule, 
were not found those specimens which corresponding values 
the yield point appeared. index ultimate compressive resist- 
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ance, probable that the yield point secondary importance 
the elastic limit, unless the two values coincide. believed that 
the minimum value the elastic limit, found the component 
parts, chiefly modifies the ultimate resistance the column, although 
probable that the shape the stress-strain curve immediately 
beyond the elastic limit has important influence. 

that the elastic limit has controlling influence 
the ultimate strength column (as believed have), then 
variations from 27% this value, witnessed the tests 
the metal these plates and angles, would overshadow those con- 
siderations which find expression empirical formulas for strength, 
and take account such features. 

The ultimate resistance Column No. rose about 1000 per 
sq. in. above the elastic limit the weakest plate, but did not reach 
that having the next higher value. The reinforcing effect the 
higher elastic-limit-metal the angles and that some the plates 
was not adequate raise materially the strength the column. While 
compact type column might receive substantial benefit from its 
more rigid members, would appear from the present example that 
such would not the result ordinarily. cannot asserted, 
reason lack identity, that the weakest plate this column 
actually was the one which failed first, but seems reasonable 
that was. 

The detailed information developed the tests has been entered 
series photographic prints, the entries being placed those 
parts the column which they refer. 

Fig. Plate XX, shows the longitudinal compression observed 
gauged lengths established different elements Column No. 
The compressive strains shown this and subsequent prints were 
those due range stress 780000 lb., between initial load 
and 800000 the maximum load applied this stage. 
This range equal 597 lb. per sq. in., the maximum stress being 
equal 8817 per sq. in. The maximum load, 800000 was 
applied several times before making the observations here recorded, 
which exhausted the early but slight permanent sets the column, 
there were any. 

The compression the web-plate Column No. gauged 
length 150 in. established along the middle its width, was 
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0.0408 in. the edges this plate the strains were 0.0394 and 
0.0410 in., respectively, the mean which 0.0006 in. less than the 
observed strain the middle gauged length. 

Corresponding measurements the edges the web-plate the 
opposite side the column gave readings 0.0467 and 0.0485 in., 
respectively. 

The mean compression the four corners was 0.0439 in., giving 
apparent modulus elasticity per sq. in. This value 
not far below that frequently assumed for steel, and therefore 
indicates favorable action the column taken whole. 

The rate compression individual gauged lengths was nearly 
uniform, while the stress-strain curves for ascending and descending 
loads followed closely the same path. Table shows the compressive 
strains which were measured the center line the web-plate, the 
loads were successively advanced and released. 


TABLE 


STRAINS UNDER: 

pounds. Difference. 

Ascending loads. Descending loads. 

100 000 0.0080 0.0032 0.0002 
200 900 0.0078 0.0081 0.0008 
8300 000 0.0131 0.0137 0.0006 
400 000 0.0187 0.0191 0.0004 
500 000 0.0241 0.0246 0.0005 
600 000 0.0296 0.0300 0.0004 
700 000 0.0851 0.0855 0.0004 


The difference represents lag resilience, each case. 


The compression the column was measured along the center 
line the web two other gauged lengths, differing their total 
lengths in., the longer one, 184.75 in., reaching from pin-plate 
pin-plate, and the shorter length, 183.75 in., being taken wholly 
the The compressive strain from pin-plate pin-plate was 
0.0020 in. greater than that observed the strain, 
0.0020 in., occurred the solid metal, would correspond 
stress about 60000 lb. per sq. in., but the mean stress the column 
was only lb. per sq. in. part, therefore, this strain signified 


elastic movement some other kind than direct compression 
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the strains appeared and disappeared promptly when the loads 
were changed, inferred that there was slipping the pin- 
plates the webs. None would expected under low stress 
that the column this time. The pin-plates were secured the 
webs the contractile rivets, developing probable 
gripping force not less than (0.6903 30000) 807 600 
Considering that portion the total load the column which would 
expected come the pin-plates, would thought that the 
riveting was fully adequate prevent slipping, and that the com- 
pressive movement 0.0020 in. represented combined compressive and 
shearing stresses, all which were elastic. 

This result, however, illustrates the constructive difficulty en- 
countered any endeavor attain state rigidity the rein- 
forcing plates comparable that existing the continuous web 
members. 

The measurements which next followed were gauged lengths 
in. each, referring local strains the column, over the same 
range stresses before. These results are entered Figs. 
and Plate XX. the north end, and also near the middle the 
length the column, five rows gauged lengths were established 
along the center line, the edges, and intermediate lines, respec- 
tively. and the vicinity the pin-plate one end the 
column twenty gauged lengths were established, shown Fig. 
Plate XX. the opposite end the column, observations were made 
the center line only. 

The range stress applied called for compressive strain 
0.0029 in., taking the modulus elasticity per sq. in. 
the web the observed strains were found range from 0.0026 
0.0033 in. The influence the diaphragm and connecting angles, 
modifying the strains, any, could not traced the results. 

stepping down from the pin-plates the web, greater strains 
were observed than those the web member. Here the strains 
ranged from 0.0033 0.0043 in., confirming the excess movements 
previously observed the gauged length which extended from pin- 
plate pin-plate. 


The compressions the pin-plates ranged from plus strain 
0.0040 in. minus strain 0.0006 in. Directly front the pin 
the compression naturally reached maximum, while abreast this place, 
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the edges the plate, the readings indicated that the metal 
there was state tension. Diagonally inward from the pin, the 
metal was nearly neutral state, regards resultant strains, the 
several readings being 0.0001, 0.0004, 0.0005, and 0.0003 in. 

The compression the bearing surface the pin, when the load 
the column was was 16615 lb. per sq. in., using for 
divisor the product the diameter the pin the aggregate thick- 
ness the metal the web and the reinforcing plates. 

For the purpose having approximate figures mind, which may 
serve some degree index the action the pin-plate, may 
stated that the measured compression the metal front the 
per sq. in., while the corresponding stresses the intermediate gauged 
lengths and the edges were 1327 and 1622 per sq. in., respec- 
tively, the latter being stress tension. 


The compression the 
plate shown Fig. Plate XI, 
was next measured. 
tudinal compression this plate 


was that due following and par- 
taking the compressive move- 
ment the 6-in. angles, 
which their turn followed the 


compression the webs. will 


1.327 Compression, 


Tension. 


recognized that the efficiency MEAN STRESSES, CORRESPONDING 
the riveting will unfavorably 


studied this plate, because 
its attachment part the column which complexity 
conditions prevailed. 

Measured near one the lines riveting, the compressions 
three gauged lengths were 0.0008, 0.0012, and 0.0008 in. Checking 
these one measurement over the aggregate length in. the 
reading obtained was 0.0030 in. The compression the middle 10-in. 
gauged length seen one and half times that the ends. This 
result taken signify that progressive degree compression occurs 
the tie-plate, being minimum the end rivets and increasing 
with the number rivets toward the middle the length the plate. 
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These results serve direct attention conditions which would 
expected prevail built-up member. The middle portion 
long plate, riveted one the principal members the column, and 
measured longitudinal element, would reach condition which 
there would uniform compression the metal, practically. the 
riveting did not reach the end the plate, some the metal out- 
side but near the last rivet might brought into state tension. 

wide plate, the middle longitudinal element would com- 
pressed less than the metal adjacent the lines rivets. This was 
exemplified the present plate, where was found that the 
along the middle its width was 0.0011 in., against 0.0030 in. the 
edge, both measured gauged length in. 

The presence tie-plates intervals along the length com- 
presssion member would, necessarily, relieve the continuous member 
portion the load locally, the intensity the stress varying from 
section section according the disposition these secondary parts. 

The metal the different parts the cross-section the angles 
probably carried its proportional share the total load. The results 
two determinations, shown Fig. Plate XXI, chanced 
indicate higher stress the edge than that near the root the 
angle. These results would have been reversed, one might think, 
substantial difference existed between the efficiency the metal the 
root and the edges. 

Observations were made four the lattice bars shown Fig. 
Plate XXI, but none them were any strains detected, the range 
stresses applied the column being first mentioned. 

Some results the lateral expansion the column appear 
Fig. Plate XI, but detailed reference them will reserved until 
similar measurements entered Figs. and Plate XXI, and 
Fig. Plate XII, have been described. 

The ratio lateral expansion direct compression has been found 
have the value, Using this value, the predicted lateral 
expansion the web-plate, in. wide, based the mean compression 
the two edges, entered Fig. Plate XX, would 0.0023 in. 
The observed lateral expansions ranged from 0.0019 0.0026 in. 
modifications due the transverse diaphragms were detected. the 
pin-plates, notwithstanding the variations direct compressive stresses 
which must have prevailed, the lateral expansions agreed closely, and 
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one measurement coincided, with the predicted amount for the web. 
the pin-plates, the high compressive stresses front the pins 
doubtless tended modify the resultant lateral movements. This 
certainly was the case across the ends the column, because each 
those measurements showed minus lateral expansions 0.0021 and 
0.0025 in., respectively. These last readings, however, were consistent 
with the observations direct compression, because the strains were 
tensile direction certain the 10-in. gauged lengths. 

Turning back the results entered Fig. Plate XI, three 
transverse gauged lengths were established one plane, one which 
had its extremities the angles the lines the lattice-bar rivets, 
one near the inner edges the angles, and one near the corners the 
column the roots the angles. had been ascertained that 
strains were developed the lattice bars the loads compression 
applied the column, would follow that the lateral expansion 
the intermediate gauged length, which had its extremities the line 
the riveting, would expected correspond the increased height 
the triangle made two the lattice bars and the section the 
angle between them, the angle being compressed its proportional 
amount the total shortening the column. was found that the 
lateral expansion, measured the intermediate gauged length, 0.0012, 
corresponded closely that called for the above assumption, the 
difference amounting only about 0.0001 in. 

The lateral expansion the metal the angle itself should 
furnish correction apply each the other gauged lengths, 
order arrive the expected readings. again, close corre- 
spondence was found between the expected and the observed results. 
The correction, subtracted for the inner gauged length and added for 
the outer one, called for results differing from the observed expansions 
only about 0.0001 in. each case. other words, the widening the 
legs the angles and the change height the triangle formed 
the lattice bars and the included section the in. angle 
accounted for the observed results, would expected. 


observation was made, from angle angle opposite the dia- 
phragm, shown Fig. Plate this place the lateral 
expansion was 0.0001 in. against 0.0012 in. the corresponding 
length taken the angles midway the diaphragms. This difference 
behavior was attributed the restraining effect the diaphragm. 
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This restraint might reasonably have led the introduction 
appreciable stresses the lattice bars that vicinity, but the connec- 
tions were not sufficiently rigid, would seem, for accomplishing 
that result. 

When higher stresses were applied the column, there was 
slight compression the lattice bar, shown Fig. Plate 
about 0.0002 in. The column this time was under load 
667 per sq. in. the lattice bar was compressed the amount 
stated (some uncertainty pertained this measurement), the corre- 
sponding stress was not more than 600 per sq. in. 


50000 


000 


| | 
COMPRESSION FRONT PIN 


10 000 


Gauged 
length 


Pounds per square inch pin seat 


0 0.0100 0.0300 0.0400 0.0500 0.0600 0.0700 0.0800 0.0900 
Compression, inches 

Further tests were made with this column, the compression 
the metal front one the pins, using gauged length in., 
before. The results are plotted Fig. Rapid yielding occurred, 
the load was increased from 000 lb. per sq. in., referring 
the stress the bearing surface the pin. Although the stress 
the sectional area the column was then only from 15000 
000 Ib. per sq. in., judging from its behavior front the pin, 
the ultimate resistance the column could then have been predicted. 
was apparent that the ultimate strengths the columns would 
found the vicinity 30000 per sq. in. 

The measurements this 10-in. gauged length, and subsequent 
ones other columns the series, were made with strain gauge 
designed and used for the purpose measuring strains structural 
members under service conditions. 
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The disparity sectional area and intensity stress, between the 
body the column and the pin bearings, directs attention and 
gives emphasis feature this well other compression 
tests, namely, that details construction generally exert influence 
the behavior the member, and not infrequently modify the ulti- 
mate resistance materially. Regularity action limited stresses 
within, and ceases at, the elastic limit, and when over-straining the 
metal occurs, locally general, the strength the column 
menaced. 

The results next described refer the permanent sets which were 
caused the application the maximum load the column, and its 
release. 

Figs. and Plate are recorded the permanent sets, 
found gauged lengths in. each, which resulted from applying 
load 794 lb. per sq. in. Column No. The compression 
the bearing surfaces the pins for this load was 353 lb. per sq. in. 
Necessarily, the greatest effect was produced front the pins. 
one end the column the permanent set was 0.1168 in., the other 
end was 0.1039 in. other parts the pin-plates the sets were 
comparatively small magnitude, much less than found the web- 
plates. 

the east end the column the gauged lengths, which stepped 
down from the pin-plate the web, showed the next largest movements 
the metal directly front the pins. Evidently the pin-plate had 
moved bodily along the column the direction its length. the 
opposite end the bodily movement the pin-plate was not pro- 
nounced feature the test. 

The mean set, per in. length, the web this column was 
0.0030 in. individual sets are seen range from 0.0006 
0.0180 in., showing irregularity the development sets not 
unusual for stresses which are the zone of, but just above, the 
elastic limit the steel. built member the riveting may exaggerate 
the natural differences the metal, and remarks reference thereto 
will made later this paper. 

The permanent sets Column No. were observed, the center 
line, each the four corners, the results being entered Figs. 
and Plate XXIII. The large set, measured the north side and east 
end the column, stepping down from the pin-plate the web, 
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was due dishing the plates front the pin causing bend 
the web the end the reinforcing plate. The local bending had 
the opposite effect the south side the column this end, where 
the slipping the pin-plate appeared zero. 

The earliest set the metal the pin-plate naturally occurs immedi- 
ately the front the pin, thence extending forward the loads 
are increased. The affected metal these columns was generally con- 
fined within the limits the first in., measuring from the pin. 
Column No. however, afforded example which the sets reached 
into the second gauged length. the west end the yielding the 
metal the pin was more nearly the same each side the 
column than witnessed the east end, where local failure the pin- 
plate occurred. 


8 ol / | 
a 40.000 
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0 0.0100 0.0200 0.0300» :0,0400 0.0500 0.0600 0.0700 0.0800 0.0900 


Compression, inches 

During the progress the test Column No. the compressive 
strains developed the reinforcing plates and the web, each end 
the column the north side, were succession measured the 
strain gauge. These results are plotted Figs. and 

inspection the stress-strain curves these diagrams shows 
the relative rigidity the metal each the four gauged lengths. 
The metal least compressed was the part the reinforcing plates 
covered gauged lengths No. consistent result, would seem. 

Under the earlier loads, the greatest movements were observed 
lengths No. from which appears that the reinforcing plates were 
carried along, lengthwise the column, excessive rate when con- 
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sidering the movements observed lengths No. difficult 
account for this excess movement, unless assumed that the pins 
were bent sensibly that the riveting was inadequate hold the 
plates firmly place. 

the loads were advanced, the compressive strains directly 
front the pins soon gained the ascendency regards magnitude, 
which course was maintained for the remainder the test, gauged 
lengths No. standing next the order yielding. 

Fig. was prepared show the measured compression certain 


the columns with reference the compression pertaining modulus 


elasticity 29500000 per sq. in. The stress-strain curves 


40 000 


COMPRESSION PIN-PLATE WEB GAUGED 


10.000 


Pounds per square inch pin seat 


0 0.0100 0.0200 0.0800 «0.0400 0.0500 0.0700 


Compression, inches 
the columns are seen follow closely the lines representing the above 
modulus, loads ranging from 20000 lb.; the differences, 
any, not showing the scale used the diagram. Under the 
higher loads, there gradual divergence, flattening the curve, and 
showing greater compressibility, which was probably due the gradual 
development permanent sets. 


These curves represent the compressions gauged lengths 
240 in. each, located the web members. The extremities the 
gauged lengths were nearly 100 in. from the ends the columns, and, 
therefore, were quite beyond any the pins. The 
gradual development sets seems characteristic these built 


members, and doubtless representative columns this type. 
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There are influences present large built members which tend 
modify their behavior, that they not act like plain steel bars. 
Plain bars the grade steel used these columns would 
expected develop strains strictly proportional the stresses well- 
annealed, machine-finished specimens until the zone the elastic limit 
was reached. 

jog the compression stress-strain curve for loads just beyond 
the elastic limit would looked for comparable that displayed 
the tensile tests. Such jog sets practical limit the compressive 
strength the material, excepting for very short pieces—for specimens 


COMPRESSION STRESS-STRAIN CURVES COLUMNS WITH REFERENCE 
MODULUS ELASTICITY 29500000 LB. PER SQ. IN. 


000 


Pounds per square inch 


Compression 240 inches 


the material rather than columns. the case short compression 
specimen, frictional reinforcement, from contact with the platforms 
the testing machine, raises the ultimate strength reason restrict- 
ing lateral flow; and, provided there symmetrical radial flow, 
maximum resistance would found. Such tests merge into those 
compression where, far known, physical change results 
from the application the highest stresses yet applied, and they have 
exceeded lb. per sq. in. 

known that, steel and iron shapes, the parts first cool 
after hot working are left finally state initial compression. 
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whatever direction the metal tested the presence initial strains 
tends cause the progressive development permanent sets, because 
local over-straining the metal under the combined effect 
external forces and internal strains. The component parts these 
columns were doubtless influenced initial strains some degree, 
which would cause the elastic limits vague and not sharply 
defined. Permanent sets, under these conditions, might caused 
stresses within the working loads, but confined small part the 
volume the member render their presence negligible. is, 
indeed, matter doubt whether any work magnitude, involving 
the use structural members the kind under consideration, can 
cited example which part thereof strained beyond the 
elastic limit the material. 

The mean unit stress could well within the elastic limit the 
member, and yet local zones overstrained metal might exist. 

Initial strains, induced the rapid cooling the shapes from the 
temperature rolling, may augmented initial strains introduced 
mechanical operations the cold metal. Straightening the shapes 
when cold, essential operation, would seem, introduces internal 
strains, and, unless the pieces are subsequently annealed, places them 
state critical equilibrium, because which they respond 
applied stresses part elastically and part the development 
permanent sets. 

Punching and shearing affect the metal over wide area, wit- 
nessed the lines scale which are disturbed about punched hole 
along the edge sheared sheet. The disturbance the scale 
evidence the presence internal strains. Reaming removes the 
most intensely strained metal the immediate sides the holes, 
but commonly does not remove all that was disturbed during the 
operation punching. 

intervals, internal strains may introduced the 
use the drift-pin. When considered that the drifting 1-in. 
hole much beyond in. over-strains the metal and introduces 
initial strains, may seen that any use whatever the drift-pin 
likely attended with the introduction initial strains. The 
result may not objectionable way necessarily, but such 
treatment contributes toward causing that divergence the stress- 


strain curve its upper portion from the right line representing 
metal sets. 
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The contraction the rivets, cooling after driving the direc- 
tion their length, also cause for the introduction internal 
strains. Rivets, cooling down over range from 900 1000° 
Fahr., contract some five six times the distance which will extend 
them their elastic limits when cold. Provided the plates which 
are being riveted are nearly flat, and lie close together, the contraction 
the rivets should exert pressure approximating the elastic limit 
the rivet metal. 

Assuming, however, that the contractile force only 30000 
per sq. in. the stems the rivets, the aggregate gripping force 
reaches very formidable amount column this type. one 
the longer columns this series, the total gripping force the 
rivets through the web-plates and lattice bars, the above basis, 
reaches total more than 20000000 

The section the column within the limits the gauged length 
240 in. included 456 rivets driven through the web-plates. The 
estimated contractile force this part the 
9000000 The ratio the annulus the rivet head the area 
the stem 1.35, from which follows that contractile force 
per sq. in. the stems would cause mean compressive 
stress 200 per sq. in. under the heads. 

From the above statement the case, would appear that the 
internal condition the column one characterized the com- 
plexity the strains which are present. The metal not state 
repose initially, that is, prior receiving the loads the testing 
machine, such would come when its place structural 
member. The factors mentioned are believed be. adequate account 
for the gradual flattening the upper part the stress-strain curves, 
they were found and illustrated Fig. 

Permanent yielding clearly took place for some time prior reach- 
ing the maximum stress; and, logically, sets would expected 
appear first localities where the internal strains augmented the 
effects the loads applied the testing machine. Scaling the 
body the column was first observed the vicinity the rivets, 
very natural place, would seem, for the metal display the first 
signs overstraining. 

close approach the ultimate resistance, time becomes 
factor the total amount compression displayed the column, 
the full compression not being reached immediately, the case 
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where part the metal strained beyond its elastic limit. The 
loads Columns Nos. and were maintained for different 
periods time, during which intervals the amount compression 
without advance load. The flattened tops the plotted 
curves show where loads were held this manner, the intervals 
time being hour min., hours min., and min., respectively. 


000 
%15 000 
COLUMN NO.3 
PINS WITH REFERENCE MODULUS 


Compression 437” 

The apparent ultimate resistance column would doubtless 
lowered prolonged loading. the present tests, however, the 
critical zone which this result would experienced believed 
have been but narrow one. 

Fig. shows the relative compression Column No. when 
measured the net section the body and when measured from 
center center the pins. 
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Discussion.* 


Esq. (by entering upon the dis- 
cussion the more essential elements the problem presented 
this paper, seems worth while correct one two misapprehensions 
under which Mr. Riggs seems labor, and call attention the 
rather extraordinary temper which approaches the grave questions 
with which deals. 

Mr. Riggs’ first serious misapprehension that railway officers, 
class, are, with substantial unanimity, opposed any official valua- 
tion railway properties, and that this opposition was voiced through 
the writer’s discussion Professor Henry Adams’ paper favor 
valuation, the last annual (December, 1909), meeting the 
American Economic Association. course, that occasion, the 
writer spoke, now speaks, only for himself, but, more than that, 
then expressly disclaimed any such opposition, undertook make 
suggestions the manner which proper valuation could 
obtained, and directed his criticisms plainly proposal which con- 
templated, then observed: 


“An incomplete and misleading valuation bearing the stamp and 
carrying the weight governmental sanction, which can 
practical advantage the Government, the public, the railways; 
but may easily injure the public and the railways disturbing the 
confidence the former and hampering the activities the latter.” 


*Continued from January, 1911, Proceedings. 
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The writer then added: 


seems very clear that such valuation proposed would 
wholly useless the Government for any practical purpose, because 
would omit many factors essential any fair appraisement the 
worth the enterprises going concerns.” 


Bearing mind that the foregoing was addressed the particular 
proposal made Professor Adams, that being the which the 
writer was invited speak, a*proposal expressly limited the ascer- 
tainment cost reproduction less depreciation (the equivalent 
cost replacement with second-hand materials condition equiva- 
lent that the materials use and hereinafter referred 
“cost replacement”) under the pseudonym “physical value” (or 
sometimes “inventory value”), would seem though Mr. Riggs 
should sympathize with the writer’s view, rather than with that 
Professor Adams. Certainly, Mr. Riggs fully aware the inade- 
mere cost replacement serve any useful purpose, for, 
after saying that: 


“No account may taken the purpose for which the resultant 
figure value used; and the result should not vary, matter 
what the purpose may be.” 


says, another place: 


clear that the worth the physical property, 
being the cost reproduction less depreciation, not necessarily the 


And, defining what calls the “non-physical intangible elements 
value,” says: 

“These are those things which, added taken from the worth 
the physical property, make the value, and include whatever 
accrues the property reason its operation, reason 
grants, contract rights, competition, location, which the time 
appraisal affect favorably unfavorably the worth the property.” 


The second misapprehension that worthy notice seems have 
grown out curious sensitiveness, the part Mr. Riggs, 
any suggestion, other than his own, criticism any work under- 
taken theories advanced Professor Adams. every reader, 
other than Mr. Riggs, surely quite unnecessary say that 
attack has been made upon Professor Adams the writer the New 
York meeting the American Association anywhere 
else. Certainly, will conceded that some difficulty would attend 
effort respond invitation discuss before scientific body 
paper written one its members without making any allusion 
the author the paper his views work, and those who have 
any knowledge the history official railway valuations the 
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United States, and especially the proposal undertake Federal 
investigation cost replacement, are fully aware that Professor 
Adams has been from the beginning, and now is, the Hamlet the 
drama, without whom would become dull and lifeless. Strangely 
enough, Mr. Riggs seems wish deny Professor Adams this 
prominence, for says: 


“Professor Adams was associated with the Michigan appraisal, but 
had whatever with the ‘physical valuation,’ which 
such objection taken, and his appointment was made after the work 
physical valuation had been fully outlined and was well under way.” 


true that the scheme devised Professor Adams, and adopted 
his suggestion Governor Pingree, required the employment 
civil engineers for the preliminary work which necessarily had 
precede the final “valuation” Professor Adams, but the bare state- 
ment this fact utterly misleading. Professor Adams’ own testi- 
mony one the Michigan tax cases happily places his responsi- 
bility for the whole plan entirely beyond controversy. said: 


“Tn 1900 was called upon the Michigan State Tax Commission 
determine whether railroads were paying tax rate their value 
equal the rate other property. With that problem view, 
formulated this inventory plan. 


Any discussion the proposal for National inquiry concerning 
cost replacement which omits show that its most persistent 
Professor Adams, has advocated and actually conducted 
controlled several successive “valuations,” Michigan, Statistician 
the Interstate Commerce Commission, and special employee 
the Bureau the Census, made accordance with other methods than 
those which now proposes apply, seriously inadequate; 
seriously inadequate would omit state that, using what 
purported the same method, Professor Adams, changing the 
details its application and decreasing the rates interest used his 
computations, raised his “valuation” Michigan railways from 
$152 958 202 $177 689 292 16.17%, each the two calculations 
being presented the public, with assurances that disclosed the 
actual taxable value, and there being barely eighteen months between 
them. The writer means alone object Mr. Riggs’ dis- 
satisfaction because criticisms Professor Adams’ plan for 
estimating cost replacement. Thus, statement which 
Professor Taylor, who conducted the Wisconsin inquiry, questioned 
the validity some Professor Adams’ methods, writes: 


“Undoubtedly this statement was made good faith, and has 
gained currency not having been corrected, not fact.” 


Michigan Central vs. Powers 500. 
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another place, referring statement comparative costs 
the respective States for valuation work, made the Railroad Com- 
mission the State Washington, says: 

“Tt does not appear good taste either criticize costs work 


other States, compare the costs Wisconsin and Michigan with 
the cost Washington.” 


Referring paper Charles Hansel, Am. Soc. E., who 
took part the Michigan valuation, Mr. Riggs says: 

“The one point which special attention drawn Mr. Hansel’s 
astonishing misconception Professor Adams’ plan work. This 
misleading statement appears the first paper and reiterated the 
second.” 

Again, the report the expert the Washington Railroad Com- 
mission, who had the temerity declare that found “little value” 
either Professor Adams’ methods his estimates the the 
work, Mr. Riggs says: 

“Such sentences, and others which, inference not name, 
reflect work executed men high professional standing, are 


hardly good taste, even true, report railroad commission 
another State.” 


Mr. Riggs does not fail criticize the method “valuation,” 
applied Professor Adams Michigan, terms quite definite 
any used others. 

Thus, condemns the method used estimate the value the 
non-physical elements appertaining the Michigan railways, the 
grounds (first) that made this value mere derivative the rates 
existing, and (second) that made allowance for negative values 
when cost replacement exceeded real value, saying: 

“Tt will seen that, the case property which the surplus 
earnings depend excessive rates for service, will fail method 
determining value for use basis rate-making; and fails, 
the form which was used 1900 and 1902, bring out those 
negative subtractive elements which may determined from the 
income accounts, the properties which not earn fair 
return the investment.” 

the published statistics American railways, compiled the 
office which Professor Adams the responsible head, derived from 
annual reports made accordance with forms prescribed the Inter- 
state Commerce Commission under his guidance, and containing items 
selected from and depending the uniform railway accounting system 
devised Professor Adams and imposed the the Com- 
mission, Mr. Riggs writes: 

“The published statistics are such form that only the careful 
student affairs can understand analyze them, and but few the 


public officials who receive them are able read the reports the 
properties and comprehend them.” 
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Railway officers fall quite generally under Mr. Riggs’ condemna- 
tion, for, them says: 


equal intelligence, have limited knowledge the fundamental 
truths government, knowledge colored bias. also doubt- 
ful whether any equal number men have their ranks few who 
bear active part the duties and activities citizenship, who 
exercise large influence their neighbors.” 


Such assertions the foregoing need comment; their intemper- 
ance their most effective refutation; yet few recent examples may 
cited: Paul Morton resigned Vice-President the Atchison, 
Topeka and Santa become Secretary the Navy Mr. Roose- 
velt’s cabinet; Jacob Dickinson, General Solicitor the Illinois 
Central, became Mr. Taft’s Secretary War; his successor with the 
Illinois Central, William Kenyon, later became Special Assistant 
the Attorney-General; Lloyd Bowers, General Solicitor the 
Chicago and Northwestern, was Solicitor-General the United States 
from early Mr. Taft’s administration until his death few months 
ago. Thus, within but four five years, the Federal Government 
took four its highest officers from the railway officers located 
only one the country’s great cities—Chicago. 

recent address one the ablest and most public-spirited 
railway officers, says: 


“This address well expresses the spirit the railway managers and 
employees toward all forms investigation, and the complete lack 
understanding, the part these managers, the legal and moral 
relations which they bear the communities which they serve.” 


Belonging this hateful class, and having also ventured 
question whether Professor Adams has said the last and most perfect 
word the subject railway valuation, the writer neither sur- 
prised nor disheartened find that he, also, has caused Mr. Riggs 
undisguised dissatisfaction. misfortune apparently inseparable 
from his profession and his conception his obligations his 
employers and the public. 

has been already noted herein, the question not whether 
railway property shall officially “valued,” but rather (first) 
how the “value” which ascertained properly defined, 
and (second) how the determination “value,” properly defined, 
can made most accurate. 

The essential difference between the view advocated before the 
American Economic Association Professor Adams and that the 
writer was, and is, that the former now desires exclude all elements 
value which are not physical and tangible, while the writer holds 
that, worth while ascertain, general scale, the cost 
necessarily large expenditure taxpayers’ money, and 
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particular date, unstable fact railway value, the kind value 
the ascertainment which could sufficient utility warrant the 
effort can nothing less significant than the “fair value” which the 
Courts have said proper element for consideration fixing 
reasonable rates charge. The fundamental difference between these 
two conceptions value admirably indicated the following quota- 
tions, both which rest the authority the Interstate Commerce 


Commission. 


“The present value rail- 
road property necessarily very 
largely matter opinion only; 
depends upon vast number 
contingencies and uncertan- 
ties, road apparently great 
value to-day may soon become 
worthless the opening 
competing line having superior 
advantages the competitive 
struggles other lines which 
operate reduce the income 
all; the value railroad largely 
results from the personal char- 
acteristics its officials; the 
policy pursued directors for 
the conservative and economical 
progressive and daring, 
great factor the determination 
the current value the prop- 
erty; railroad property not 
necessarily worth what would 
cost replace and, the other 
hand, may worth very much 
more than that.” 


(1888) Report the 
Interstate Commerce Commission, 64. 


REPLACEMENT 


“The bill question makes 
use the phrase ‘fair value.’ 
Unless there some legislative 
necessity, which not per- 
ceive, question the advisa- 
bility using this phrase. 

“Tt would seem prefer- 
able substitute phrase which 
indicates the fact that Congress 
desires inventory valuation 
railway property. inventory 
valuation meant that the prop- 
erty the several railways shall 
listed detail, and that each 
kind class property listed 
shall have assigned valua- 
tion determined from the 
point view the contracting 
engineer, and not from the point 
tration which, from the nature 
the case, cannot judge what 
‘fair value’ except the light 
some specific use made 
the valuation.” 


Letter Hon. Martin Knapp, Chair- 
man the Interstate Commerce Com- 
mission, Hon. Stephen Elkins, Chair- 
man the Senate Committee Interstate 
Commerce, covering then pending bill 
providing for railway valuation, March 

25th, 1908. 


has already been noted herein, and amply verified quota- 
tions, Mr. Riggs fully aware that replacement cost and real value 
rarely, ever, coincide, and therefore plainly agrees, that 
elementary and essential point, with the writer and disagrees with 
Professor Adams, who would ignore destroy every non-physical 
element value the property all public service corporations. 
Mr. Riggs’ recognition the inadequacy mere replacement cost 
shown also the excellent and convincing example which cites* 
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Papers. 


DISCUSSION VALUATION PUBLIC SERVICE PROPERTY 211 


competitive railway routes between two Michigan cities which were 
built and are maintained and operated under such conditions that the 
far more costly the two, which inferentially has correspondingly 
higher replacement cost, has much lower earning capacity, both 
gross and net, and therefore actually worth much less than its less 
costly competitor. Mr. Riggs explicitly favors full recognition the 
non-physical elements every valuation; and, therefore, may 
ranked opponent any such scheme valuation that 
advocated Professor Adams before the American Associa- 
tion, the letter the Chairman the Interstate Commerce 
Commission, hereinbefore quoted. 

Mr. Riggs, however, believes that the determination the cost 


replacement essential first step toward the ascertainment real 
value. says: 


“The worth the physical property primarily that which the 
value the whole property rests.” 

The thought which the writer would place opposition the fore- 
going that: Physical property has value which not expression 
its adaptation economic needs. This only another way express- 
ing the inevitable economic law, from which there escape, either 
theory practice, that has been stated and sanctioned the 
Supreme Court the United States, follows: 

“But the value property results from the use which put, 
and varies with the profitableness that use, present and prospective, 
actual and anticipated. There pecuniary value outside that 
which results from such 

Mr. Riggs’ own definition value not inconsistent with the 
foregoing. says: 

“The value property its estimated worth given time, 
measured money, taking into account all the elements which add 


its usefulness desirability business profit-earning proposi- 
tion.” 


The view Mr. Riggs that: 


“While the worth the physical property, being the 
cost reproduction less depreciation, not necessarily the value 


the property, the physical worth must bear some very 


And is, further: 


“Strongly the conviction that this relation such that ‘value’ 
cannot ascertained without determination physical worth.” 


exceedingly difficult comprehend just what Mr. Riggs means 
when describes the relation between real value (which recognizes 
clearly value use) and cost “very definite.” 


*C., St. Ry. vs. Backus, 154 
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Certainly, does not mean that constant relation, one which 
can ascertained until there has been independent determination 
both the aggregates whose relation expresses. fact, the 
emphasis which Mr. Riggs places replacement cost has led him into 
the grotesque fallacy arguing that correct estimate real value 
only attained ascertaining: (first) cost replacement, 
(second) real value, and (third) correcting the aggregate first obtained 
applying whatever “very definite” relation (ratio) necessary 
make agree with the second aggregate, which was from the beginning 
the only aggregate really wanted. The accuracy this characteriza- 


tion his proposed procedure made perfectly clear the following 
quotation 


the true method valuing corporate property first 
determine the cost reproduction the property and its deprecia- 
tion, and modify this figure any applicable positive negative non- 
physical elements value.” 


submitted that the clear meaning the foregoing that 
both replacement cost and real value derived from use must 
separately and independently ascertained, and that, these aggregates 
having been compared, the former corrected whatever 
allowance for non-physical value may required make agree 
precisely with the latter. The obvious suggestion flowing from this 
discovery his theory that only value use wanted, that 
the only real value, and must separately ascertained any 
event, other and pseudo value need taken. The essential charac- 
ter the method described, even when applied through 
determination the annual value the use and the assignment 
one portion such annual value return the capital value the 
physical property and another portion return the capital value 
non-physical property. The real nature the method not even 
effectually concealed the capitalization the income assigned 
physical property one rate and the income assigned non-physical 
property different and higher rate. fact, necessary 
conclude that portion the net annual income railway property 
normally paid to, respect of, portion capital entitled 
lower rate return, and the remainder respect remainder 
capital entitled higher rate, the appraisal the physical prop- 
erty excessively costly, cumbersome, and inaccurate expedient for 
determining the amount value either portion the capital. Yet 
that exactly what was done Michigan Professor Adams, the 
“valuation” then made being completed before altered his view 
deciding that the non-physical elements value are entitled 
consideration whatever, and that only cost replacement worthy 
inclusion official “valuation.” 

But there any real distinction between the “physical properties” 
and the “immaterial elements,” such the foregoing extract seems 


Le 
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assume? not the superficial appearance such distinction 


plausible but deceptive 


Mr. 


The separate parts locomotive are most them independently 
valuable; are the separate parts railway; but large share 
the value the locomotive the result the nice adjustment these 
separate parts each other and the work done. 

Take hundred different-sized locomotives, each adapted different 
work under different conditions, and separate each piece metal; 
would possible value all these parts, but the aggregate would 
far less than the value the locomotives from which they were taken. 
Again, would possible construct from these parts hundred 
locomotives such poor design, their respective parts out adjust- 
ment and balance, that they would worth even less than the parts 
out which they were assembled. The highest paid intelligence has 
not yet contrived the perfectly balanced locomotive, but large part 
the so-called “physical value” every locomotive represents this sort 
highly paid intelligence put forth every stage from the opening 
the mine where the ore was obtained the delivery the com- 
Take ten railways thousand miles each, every 
one them efficiently constructed, and equipped with proper termi- 
nals, stations, signals, rolling stock, and trained employees, and each 
properly adapted the requirements its territory and traffic; 
separate them into piles ties and rails, groups locomotives and 
acres land, unorganized bodies men varied capacity and training; 
what sort intelligence will require build out these masses 
ten railways efficient and useful those that originally existed? 
Why, then, should the “physical value” the locomotive include the 
assembling its parts proper balance and the “physical value” 
the railway exclude the cost the much more complicated adjustment 
its elements machinery and labor and location each other? 

early point his discussion, Mr. Riggs makes announce- 
ment, highly becoming the part one who proposes deal with 
the problem solely from the point view civil engineer, that 
does not intend argue the utility any sort valuation, 
but only the method which may best made, should one 


pleted locomotive. 


determined upon. 


says: 


“This paper confined discussion the methods which should 
used arriving correct figure cost reproduction and 
depreciation—it does not take questions involving the propriety 
those figures when reached. The propriety legality using such 
figures basis for assessed valuation, basis for rate-making 
(rate-making being art itself involving complications great 
those encountered valuation), any arguments the justice 
injustice legislation restricting issues stocks bonds, will 


place this paper. 


assumed that all these questions 


would have been taken and satisfactory answer reached before 
valuation could have been ordered.” 
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Two pages after the foregoing paragraph, under the sub-heading 
“The Relation Public Service, Corporations, the 
Mr. Riggs proceeds violate the wise, though self-imposed 
restriction, and devotes less than eleven pages defense the 
project grounds alleged public policy. these pages con- 
cludes that such valuation proposes—not mere determination 
replacement costs, but real valuation, with proper allowance for 
all elements value use—would service connection with 
(a) taxation, (b) public control rates, and (c) control 
issues capital securities. 

supporting valuation expedient taxation railway 
property, Mr. Riggs seems rely table made from Professor 
Adams’ Bulletin No. 21, expert employed the Federal Bureau 
the Census, which table shows that the assessment the railways 
Wyoming for taxation purposes 1904 was but 7.5% their com- 
mercial valuation, estimated Professor Adams, and that this ratio 
varied greatly throughout the different States, running high 
114.4 Connecticut. nearly every one knows, even Mr. 
Riggs does not, that the relation between the real value and the 
assessed value all other kinds property varies greatly from State 
State, and even different portions the same State. account 
this variation, table such that offered Mr. Riggs support 
his argument can have any value unless supplemented and explained 
data covering the assessment other kinds property. 
worth noting, passant, that the so-called “Commercial Valuation,” 
which Mr. Riggs rests this part his argument, assigns value 
equivalent $32 054 per mile the railways Michigan and one 
per mile the railways the prairie State Nebraska. 
Possibly this variation the estimate value partly expressed 
the conclusion that Michigan railways are assessed 70.9% their 
value and Nebraska railways but 18.5 per cent. Obviously, there 
more need uniformity among the States the taxation rail- 
way property than their methods deriving revenue from other 
kinds property. 

Also, Mr. Riggs admits that, when the Michigan valuation for 
taxation was made, was not diminished, should have been, 
the use negative, non-physical value. This fully equivalent 
admission that the method was unjust every railway not capable 
earning the full return its replacement cost. says: 


“The use negative subtractive non- sical value was con- 
sidered, and advised Professor Adams. 

“Professor Adams and his associates, therefore, applied only positive 
values, where any such were found, although advocating the use 
negative values.” 


| 
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And, the method then used, says: 


fails, the form which was used 1900 and 


1902, bring out those negative subtractive elements which may 
determined from the income accounts, the case properties which 
not earn fair return the investment.” 

And again: 


where the earnings have been fairly uniform and sta- 


tionary for period years, and the property does not earn sufficient 
sum care for depreciation and annuity, clear that the value 
earning investment less than the determined physical value, and 


that the physical valuation should reduced some amount 
arrive the ‘fair 


his argument favoring the use valuation rate-making, 
Mr. Riggs affords support Professor Adams’ contention that, for 
that purpose, only replacement cost should considered, and that, 
after fixing the rates the basis the least favorably located and 
least efficient line, afford bare return its replacement 
cost, the surplus earnings the same rates its more favorably 
located better operated competitors should confiscated under the 
guise special tax. This extraordinary proposal, the character 
which illuminating the attitude toward railway property 
and investments the most prominent and persistent advocate 


so-called “physical valuation,” best stated Professor Adams’ own 
words, which are follows: 


cannot evade the conclusion that equity, between various 
classes roads, can never attained until all the excess revenue 
over the Constitutional limit made contribution the public 
treasury, and that this contribution made substitute for all 
taxes all kinds and all sorts.”* 


the contrary, Mr. Riggs distinctly upholds the right earnings 
excess the bare return, the minimum rate interest, upon 
the cost replacement, saying, inter alia: 


“Tt contended that the determination rates that will just 
and fair all competing companies involves other consideration than 
the valuation either physical intangible properties, and that when 
all these rate-making problems are properly solved, there will remain 
large intangible values the well-designed plants.” 

Professor Adams has himself admitted that there possibility 
utilizing any valuation for the purpose fixing specific rates, 
such task far beyond the capacity any conceivable system cost 
accounting. Supplementing this admission, Mr. Riggs’ opposition 
the plan proposed the former and its gross injustice, apparent 
every one but its author, destroys the last element plausibility 
the suggestion that any sort valuation could utility that 
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connection. The writer not overlooking the fact that the Courts, 
when under the necessity repelling efforts confiscate railway 
properties under the guise rate regulation, and view the form 
which this necessity has commonly presented itself, have accepted 
“fair value” element importance their inquiries; but 
the railways are entitled charge rates based the value the 
services they perform, clear that the question whether rate 
schedule rates reasonably adjusted the value the service 
services very different from the question whether fair return upon 
fair value has been allowed. Assuming, however, the need 
appraisement every litigated case involving railway schedules, 
evident that each case would have have its own appraisement, for 
value ever changing and unstable. Mr. Riggs himself says: 

true that the ‘value’ property unstable figure, sub- 
ject fluctuations due natural artificial causes, and that 
material change value may occur suddenly, 

Professor Adams proposed keep his replacement cost date 
annual accretions equal annual expenditures for extensions and 
betterments; but this plan illogical and inconsistent, for proposes 
ignore that very essential difference between original cost (less 
proportionate allowance for wear and tear) and present worth, which 
the very basis the argument favor any valuation all. 
Equally obvious objections, growing out the instability the ascer- 
tained value any particular date, apply any plan which does not 
provide for re-appraisement every time the aggregate used. 

The objections the use any valuation for rate-making which 
have been cited are valid, and should convincing, but they are 
insignificant the side the fundamental objection that, Mr. 
Riggs says, “as business proposition, the value any property depends 
its earnings,” while those who would thus utilize valuation are 
attempting reverse the fact and make earnings depend the value. 
Such reversal impossible. Ascertain real value and you have conse- 
quence earnings, past, present, and prospective, nothing else; use 
this basis for rate schedule and you get, mathematical 
result, the present rates. The only way derive any other result from 
this method would use the basis some figure other than the 
real value, method which would only resorted through moral 
turpitude intellectual incapacity. One might almost assume that 
Mr. Riggs knows this, for says: 

“Value given property, either reason the fact that 


instrument for earning profit, that does earn profit gives 
promise profit.” 


The substance Mr. Riggs’ argument capitalization control 
that American railways are not often over-capitalized, but such evils 
obtain other industries, and therefore railway issues capital 
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securities ought restricted.* Unfortunately, gives clue 
the methods would have applied, nor how far would 
interference with the normal action and interaction commer- 
cial forces determining what securities can and ought issued. 
Railways are not over-capitalized. Table comparison official 


valuations and capitalization, originally compiled Mr. Slason 
Thompson, instructive. 


TABLE 
Valuation 
State. Year. commission State 
tax board. capitalization. 
1907 $411 735 194 $334 979 691 
South 1909 106 494 108 911 000 
1909 284 066 000 249 299 060 
1909 413 000 000 412 465 743 
1908 186 007 490 153 493 940 
401 303 187 259 049 434 
Excess total valuation over total $142 253 753 


view frequent suggestions, the public press and elsewhere, 
which indicate that there wide-spread opinion that the securities 
railways have generally been watered, Table given. 
analysis the consolidated balance sheet given the reports the 
Interstate Commerce Commission for 1908 and 1890. 

Table shows the length, miles, main and other tracks 
1908 and 1890. 

The Commission, its annual report, shows the securities issued 
per mile road (first main track), but does not show the results per 
mile main track (7. e., main track, 2d, 3d, 4th, and other main 
tracks), nor does show the results per mile all tracks e., main 
tracks, yard tracks, passing tracks, and industrial tracks). From the 
consolidated balance sheet, will noted that the securities per mile 
road have increased 29%, while per mile main track they have 
increased only 24%, and per mile all tracks they have increased but 
per cent. However, deducting the investments stocks and bonds 
other corporations, and showing the results only for the securities 
issued account the cost road and 12% equipment, have 
average per mile all main tracks $56166, increase 8%; 
0.7 per cent. will noted that considerable part these increases 
due increased cost equipment, and the advantageous results 
obtained from such investment have been clearly shown. the invest- 
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TERMINAL AND SWITCHING 
— 
ASSETS. 
Total Per mile road. tracks. tracks. 
Cost $12 195 408 838 096 430 $56 268 $51 400 $50 656 659 $40 033 
| | | 
Sinking, insurance, and other funds.. 154 975 409 125 095 987 652 
Capital stock. 964 081 $29 293 $30 682 415 $22 815 
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ment the track itself (cost road), will noted that the cost 

per mile main track has increased only 5%, while the cost per mile 

all tracks shows slight decrease 1908 compared with 1890. 
TABLE 11. 


Percent- 
Track. 1908. 1890. Increase. age 

increase. 
213 888.36 | 142 665.89 71 222.47 49.9 
20 209.05 8 437.65 11 771.40 139.5 
2 081.16 760.88 1 320.28 173.5 
1 408.99 561.81 847.18 | 150.8 
237 587.56 | 152 426.23 85 161.33 | 55.9 
Total mileage operated (all tracks)......... 811 316.13 183 176.40 128 69.9 


Interstate Commerce Commission 1908 report that their Balance Sheet covers 
‘miles road’ aggregating 213,888.36 miles, whereas their statement mileage represents 
all roads reporting the Commission whether not they furnished Balance Sheet. 

analyze the Consolidated Balance Sheet, have revised the statement mileage 
cover same roads are included the General Balance Sheet. The miles road,’ e., 
miles first main track, are actual. The report not showing for 
each line the miles other main tracks yard tracks and sidings, the figures shown the 
statement mileage are approximate. includes mileage all second, third and fourth 
tracks. Undoubtedly, practically all the second tracks, third tracks and fourth tracks 
are owned, operated by, roads furnishing the Commission with Balance Sheet. Mile- 
age Yard Tracks and Sidings based the proportion which the single-track mileage 
roads represented the Balance Sheet bears the total single-track mileage roads 


reporting the Commission.” 

These comparisons are more significant and convincing the light 
the large expenditures since 1890 for the reduction grades, 
revision line, interlocking towers, automatic block signals, increased 
weight rail, increased capacity bridges, improved stations and 
terminals, elevation tracks, and the many other items going 
make the additions and betterments, and increasing the book cost 
the property. The figures plainly prove that there has been 
general practice the part the railroads the country, from 1890 
date, issuing capital securities without securing full value for the 
vast amount referred to. Why, then, should any restriction placed 
the form manner their future appeal for the very large volume 
capital necessary keep abreast American industrial develop- 
ment? Why should they limited what form security they 
may offer return for the cash capital which they must obtain they 
are serve the public adequately and 

ought also borne mind, this connection, that, while 
there could lawful mode for the revision existing capitaliza- 
tion, should any instance found too small too great 
when measured the results such valuation, the future issue 
securities must controlled the necessities the carriers and the 
state the market, and also practically restricted the Interstate 
Commerce Commission’s accounting system, which declares what ex- 
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penditures may and what may not carried into the capital account. 
The law cannot compel any company repudiate any existing security, 
and could not supposed that Congress would compel 
such impairment contract rights; public policy will not permit 
practice restrictions that would prevent the issue securities 
meet the actual needs the public and the carriers; the accounting 
system prevents issues any other sort. Further restrictions would 
cumulative and superfluous. 

Mr. Riggs considers seriatim nine objections the ordinary 
methods estimating cost replacement which were mentioned 
specifically the writer, among the most important commonly 
omitted items, address before the New York Traffic Club, 
delivered during January, 1909. concedes that the writer cor- 
rect urging that allowances for “working capital with which 
carry the business” and for “impact and adaptation” ought 
included, and were omitted Michigan and have been usually omitted. 
These are two the nine objections specifically raised. five 
others, Mr. Riggs seems considerable doubt. Concerning the 
objection that allowance for interest during construction 
too low, contends that was justified Michigan the “assump- 
tion,” that the whole work replacement would accomplished 
one year, and also “that long roads partial operation would com- 
mence various sections the line were completed.” admits that 
these assumptions “clearly would not proper” under different condi- 
tions, but appears hold that they were warranted the Michigan 
work. 

Another the writer’s objections was the absence allowance 


for “wear and tear materials during the period construction.” 
this, Mr. Riggs says: 


“This deterioration necessary incident any construction 
work. has not been customary usual take account it. 
add the amount capitalized account this item would mani- 
festly improper. The only way which this could cared for would 
adjustment the depreciation reserve when raised cover 
that which takes place during the construction period.” 


course, the depreciation account, when there one, charge 
operation. Therefore, Mr. Riggs’ anxiety disagree with the 
writer has led him into frame mind which prepared 
find that “manifestly improper” charge capital the real cost 
construction, but quite proper charge operation part the 
cost construction, even though this results carrying into the 
operating account items expense incurred long before operation 
began could have begun. 

Mr. Riggs thinks that the writer was incorrect objecting that 
uniform price for earthwork was used, thus ignoring the varying 
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character soil and length haul,” but admits that there was 
“practically classification the Southern Peninsula Michigan, 
or, fact, 90% the mileage the State,” and his defense goes 
further than assert that “the price was not much 
out the way when considered fair average for the territory.” 

His criticism the objection the use uniform price list for 
materials, and ignoring the source supply and the cost delivery 
the point use, equally forced, for admits that “no effort was 


made use different unit prices between counties,” 


and only 


contends that “in number cases” differences prices were made. 
The absence allowance for interference labor troubles, 
weather conditions (which admits are frequent source annoy- 
ance, delay, and sometimes expense”), Mr. Riggs defends the 
ground that “an expense difficult separate and set up,” and 
therefore ought covered allowance for contingencies. 
the same ground, could easily carry every item cost replace- 


ment into the contingent account. 


The two remaining objections specifically raised the writer are 
squarely attacked Mr. Riggs. one them, the propriety 
allowance for carrying charges the time attaining revenue 
basis, has been admitted the Railroad Commission Wisconsin, 
but broader question than ought here discussed. The 
writer will only suggest, present, that some form other, these 
charges must the whole and the long run met out net 
operating income, and that the cheapest way, for the user the 
services supplied, carry them into the capital account—otherwise 
there must early amortization this item, which cannot 
otherwise than throw heavy burden the early schedules 
charges. The language the Wisconsin Railroad Commission this 


subject merits quotation, and 


“But new plants are seldom paying the start. Several years are 
usually required before they obtain sufficient amount business 
earnings cover operating expenses, including depreciation and 
reasonable rate interest upon the investment. The amount which 
the earnings fail meet these requirements may thus regarded 
deficits from the operation. These deficits constitute the cost build- 
ing the business the plant. They are much part the cost 
building the business loss interest during the construction 
the plant part the cost its construction. They are taken 
into account those who enter upon such undertakings, and they 
cannot recovered some way, the plant fails that much yield 
reasonable returns upon the amount that has been expended upon 


and its business. Such deficits may covered either being 


regarded part the investment and included the capital upon 


which interest allowed, they carried until they can 


Decision and order the Railroad Commission isconsin, issued August 3d, 1909, 
the case Hill al. Antigo Water Company, pp. 84-85. 
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written off when the earnings have grown leave surplus above 
reasonable return the investment that large enough permit it. 
When capitalized, they become permanent charge the consumers. 
When charged off from the surplus, they are gradually extinguished. 
(These facts alone, however, not always furnish the best most 
equitable basis for the disposal such deficits.) Whether they should 
into the capital whether they should written off, 


indicated, are questions that largely depend the circumstances 
each particular case.” 


The other objection that squarely opposed Mr. Riggs the 
refusal allow for unavoidable discounts the securities sold. Here 
quotes with complete approval unnamed writer, who contends 
that the impropriety such allowance proven because, between 
issue $10000000 bonds (par value) and 44%, the 
bonds bringing and and the selling par, there 
annual saving, issuing the $50000 interest, and that, 
the issue for fifty vears, this saving 500 000, 500 000 
excess the discount. course, these figures are correct, but both 
Mr. Riggs and his unnamed authority seem strangely have overlooked 
the fact that railway construction requires $10 000 000, cannot 
obtained issuing $10 000 000 par value 90. The comparison, 
course, ought based the issue enough bonds each rate 
obtain equal sums money. $10000000 par value bonds 
sold would produce 000 000, the following comparison based 
the issue enough bonds each rate payable fifty years 
secure that sum. 


Fifty-Year Bonds, 
soldat par. sold 90. 
Amount capital required.... 000 000 000 


Par value bonds necessary... 9000000 000 000 


Annual interest charge......... 405 000 400 000 

bonds are used: 
000 
Fifty years saving 250 000 


course, the foregoing figures are not absolutely accurate, for the 
real het loss the issue the rather than the 44% bonds these 
prices would the difference between the $5000 annual saving 
interest and the amounts which would have set aside annually 
for fifty years produce the amount the discount, 
the end that period. But the table sufficiently accurate expose 
the curious error into which Mr. Riggs has fallen. Perhaps will 
convince him that would better, hereafter, not stray far 
outside the field civil engineering. 


Williams. 
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Mr. Riggs has little sympathy with those railway men who venture 
express the opinion that regulation ought not extend far 
render impossible conduct the railway business business-like 
way. His animadversions railway men general have already 
been illustrated herein. finds nothing worse with which char- 
acterize previous utterance the writer’s than say it: 

“The manifest impatience with all forms governmental inter- 
ference with corporations, which often characterizes the utterances 
prominent railway officials, appears this paper marked 
degree.” 

the risk incurring further displeasure, the writer will not 
omit now observe that, his judgment, the whole question whether 
railways shall generally and officially valued, and how and whom 
the task shall performed, primarily conditioned the country’s 
need managing its legislative control railway methods not 
restrict unduly the flow capital into that industry. The steady 
pressure for legislation during the last five years has extended 
legislative regulation that, for the first time, the sturdy, frugal, con- 
servative, “small investor” stands the forefront the problem. His 
views the stability and future prosperity the American railway 
industry now dominate the situation. What they are may read 
the facts attending recent efforts finance necessary improvements 
old and prosperous railways. developed before the Interstate Com- 
merce Commission during the recent hearings connection with the 
proposed partial adjustment rates the diminished purchasing 
power the money which they are paid, that one the greatest 
Eastern railway systems, paying annual dividends its stock, 
which very widely distributed, had offered new shares its stock- 
holders premium 25%, and had found them unsalable that 
figure, that was obliged recall the offer and put them out par. 
Other testimony disclosed the failure one great company obtain 
offer more than for its bonds, while another had been 
France raise $10 000 000, and many others have been 
forced the expedient issuing short-term notes relatively high 
rates interest. also appeared that extensive proposals for new 
branch lines had been abandoned postponed, view the impossi- 
bility obtaining funds reasonable terms. 

Other testimony shows that locomotive shops and car builders are 
putting out not more than half their capacity; that the supply 
trade receiving new orders. Never, since the beginnings the 
American railway industry, has the American and foreign investor 
been reluctant supply necessary capital, doubtful the 
future railway enterprises. This fact not due absence confi- 
dence the industrial future the American people, but directly 
attributable the unanswered inquiry how far the policy 
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legislative control extend. Either this question must answered 
manner satisfactory the investor, the credit the Govern- 
ment must made available for the extension and improvement 
railway facilities, either through Governmental guarantees adequate 
returns capital, through Government ownership; for adequate 
and properly constructed and equipped railways the public must and 
will have. Thus far, the American public ready neither for Federal 
guarantees nor for Federal ownership; hoped that will never 
ready for either. this situation, Federal valuation 
undertaken, primarily important that should under such 
auspices and such methods that the investor will not alarmed 
its consequences. This not suitable occasion attempt 
lay down all the considerations applicable such valuation, but 
ought perfectly clear that must relate value use, not 
some concept value limited replacement cost which excludes some 
the most important elements value (which are also those most 
worthy return, because they represent the highest and most 
cult social and industrial services), order obtain means ex- 
cluding these same elements from possibilities adequate reward. 
One the most important items considered the “cost 
progress,” which sometimes referred “abandoned property,” 
“obsolesence.” illustration, the revision the grade and 
line road, whereby the capacity existing track doubled, the 
present instructions the Interstate Commerce Commission require 
the charge operating expenses the cost that portion the old 
line longer continued use. If, however, the doubling the 
capacity the line secured the construction second main 
track, the entire cost the new work can charged capital account 
and paid for from the proceeds the sale capital securities. The 
latter method becomes the easier finance, but what the compara- 
tive results? Say, for example, the original cost material existing 
property, including equipment, stations, yards, was 000, 
that the first main track cost 000 000, and that double the capacity 
the main track would require present expenditure 
either for (1) reduction the grades and curves the first main 
track, (2) for the construction second main track. The increase 
capacity identical, but the first case the cost train service 
handle the tonnage decreased 50%, and some reduction mainte- 
nance secured, while the second case economies operation 
are effected, but the expenses may increased. Undoubtedly, Road 
(1) would much more favorable than Road (2), yet the Commission 
says portion the cost perfecting Road (1) must charged 
operating expenses, and cannot capitalized. What general manager 
will dare recommend such extensive improvements when the charging 
portion the cost operating expenses will show the dividend 
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unearned, and thus render the securities the company longer 
legal investments for savings banks, trustees trust funds, 
alternative, might permit the old line remain, and placing 
thereon few cars occasionally, could consider still use, and 
carry his capital account, thus avoiding the charge operating 
expenses. Thus, again, the method and not the result that 
controlled these instructions. What should done permit the 
cost charged against the surplus accumulated during the years 
which the property abandoned was used. This would not affect 
adversely the operating income the year, and would not impair the 
credit the Company. 

Plainly, the instructions the Commission tend compel method 
that contrary the economic law. 

Obviously, any requirement valuation which would impose 
the such result that shown would compel the continu- 
ance the less efficient service and prevent the progress which such 
replacements express. The railway business continuing one, and 
improvement ought made whenever can earn income, not 
only its own cost, but that the property abandoned, even 
though cannot afford income sufficient wipe out the whole capital 
charge for the latter single year. There reason for requiring 
each item capital earn its cost addition its interest during 
its individual life. Such requirement would cry halt progress. 
reasonable and proper that such charges operation should made 
far the rapid development the art transportation permits, 
and such the practice every well-managed railway; but, make 
the practice uniform and compulsory, permitting exceptions and 
allowing scope for individual judgment, quite another thing. 
When the conditions warrant such course, the railway ought 
permitted adjust its accounts manner which the following 
typical: 

Replacing. Not replacing. 


Additional net operating income 
attributable this item...... 250 
Charge operation for abandoned 
Operating gain........... $750 $259 


valuation adjusted recognition this developmental need would 
include, addition the item for the replacement cost 
the new locomotive, item representing “cost progress” 
for the former locomotive. not overlooked that actual 
practice would easy obtain this allowance cumbering the 
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yards and round-houses with obsolete and superfluous equipment. The 
plan Professor Adams places premium such course, and there 
are many conditions under which could and would followed where 
would less obvious and more detrimental. For example, might 
that additional track over steep grade and new alignment 
which would avoid would cost the same. The new alignment would 
give greater operating efficiency, but would require the charging off 
the old line; the new track over the grade would more costly 
operate, but would leave the apparent capital unimpaired. such 
possibilities this that are giving pause the investors who would 
otherwise supply funds for the needed development the American 
railway system. How far this development has far required the 
abandonment property capable further use and having genuine 
capital value indicated available records. The aggregate capacity 
all equipment has increased much faster than the increase 
number locomotives and cars. The reports the Interstate Com- 
merce Commission only show this information for the years 1902 
1908, both inclusive. The average tractive power locomotives 
1908 was 26356 compared with 20485 lb. 1902, being 
increase 871 28.7% per locomotive. The average capacity 
freight cars 1908 was tons, compared with tons 1902, 
increase tons, per cent. Undoubtedly, the average capacity 
locomotives and the average capacity freight cars 1908 was not 
less than 60% above the average capacity 1890. 

Loree, Am. E., President The Delaware and 
Hudson Company, Reporter (For United States) the International 
Railway Congress, held Paris 1900, communicated with all roads 
the United States then operating 500 miles line, more, relative 
the capacity cars actually service. The result shown 
Table 12. 

result these improvements roadway and equipment, the 
average number tons freight handled per freight train 1908 
was 351.80 tons, compared with 296.47 tons 1902, increase 
55.33 tons, 18.6 per cent. The average tons per freight train 1908 
was 351.80, compared with 175.12 1890, increase 176.68 tons, 
100.8 per cent. 

These improvements have not been solely mainly for the benefit 
the carriers, though there question that they have been 
prompted railway self-interest. The new car tons capacity 
but 20% longer than the old car tons, which means great 
augmentation the efficiency the private sidings and tracks the 
manufacturers, well the side tracks and terminals the railway. 
Who would retrace the steps progress the last decade the 
last two Yet the project tie railway earnings replace- 
ment cost, which makes allowance for the costly steps such 
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TABLE 12.—CLASSIFICATION FREIGHT EQUIPMENT ACCORDING 


THE CAPACITY. 


Note). | | cars. tons. ons. 


cover only these roads: 
Reporting for 1880 and all other 
years, viz.: 
Valley 
Penn. Lines 
Phila. Reading 
Cent. 
D—Includes roads under and 
also: 
Mich. Cent. 
Southern Ry. 


B—Includes roads under also: 
Ches. & Ohio 

Western 

Vandalia 


roads under and also: 
Cc. B.I. & P. 
Seaboard Air Line 
Southern Ry. 


roads under also: 
Ches. & Ohio 
C. G. W. 
Cent. 
Phg. Western 


F—Includes roads under and also: 
Seaboard Air Line 
Grand Trunk So. Pacific 
Lehigh Valley Southern Ry. 
Mich. Cent. Union Pacific 
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ETC., FOR Roaps THE OFFICIAL 
30TH, 1909, ALSO FOR THE 1890. 


Operating 


TABLE 
LASSIFICATION TERRITORY, FOR ELEVEN NDED UNE 


Year. 


Cost road. 


Cost 


General 


Material and 


857 455 


equipment. 


$686 116 206 


669 751 320 


expenditures. 


$50 586 812 
157 


supplies. 


Total. 


Operating 
revenue. 


expenses. 


550 135 
201 748 


169 708 254 


114 179 


082 285 890 
049 545 984 


$700 694 007 
746 575 094 


306 902 088 
438 582 438 
269 066 800 
110 904 
906 766 459 
830 580 
744 205 552 


794 998 803 
714 461 452 
658 337 498 
636 217 217 
601 864 284 
528 681 892 


587 733 923 118 143 509 141 224 116 
513 028 004 479 333 862 574 137 044 552 909 
492 498 488 875 071 669 257 463 944 805 659 
461 941 677 240 521 440 948 657 899 868 519 
426 822 318 458 257 861 351 697 611 
889 909 755 565 184 680 597 782 975 559 
682 894 878 545 580 746 178 109 186 101 730 590 144 491 657 899 
620 680 187 877 156 700 940 838 047 727 725 698 368 829 467 462 093 
566 557 851 902 957 162 907 949 289 610 724 301 413 390 359 


927 221 $283 407 139 890 577 $524 767 906 $348 


Total years. $46 761 412 618 717 877 $101 910 969 751 405 821 $53 238 447 055 $10 407 427 


102 728 866 
120 588 860 619 591 894 


TABLE 13. —(Continued. 


erating income. 
‘ | ercentage to 
and suppligs. 


5.738% 56 563. 41 

328.79 
876 148 310 349 165 415.25 
863 314 295 228 143 .071% 990.12 
675 211 258 792 950 963.2 


263 651 302 263 651 302 091 468 235 559 70. 643. 
587 954 243 295 -630% 873. 


269 833 327 269 833 327 
1902. 254 293 667 254 667 297 465 228 996 202 980. 
911. 


. nae 238 982 245 288 982 245 3 797 264 | 215 134 981 
1900.... at re 230 906 736 230 906 736 | 208 289 843 9 | ‘ 6 495. 
1899... . 197 333 942 197 333 942 175 641 248 F AATY 009. 

599 174.7 


Total 052 298 928 872 058 171 249 $319 868 358 738 302 891 
Average years.. 277 481 721 533 847 278 015 568 078 941 248 936 627 


1890... $176 379 638 $176 379 638 $14 753 550 $161 626 088 -980% 094.73 


Total years..| 228 678 561 872 234 550 887 $334 621 899 928 979 5.448% 642 269.45 
Average years.. 269 056 547 489 360 269 545 907 885 159 241 660 748 522.45 


Net 
Net revenue Total 


operating from net 
revenue, outside revenue. 
operations. 


425 726 


Mileage 
line 


Taxes. 
owned. 


$296 619 636 
021 974 270 395 516 


$331 591 883 $334 017 609 $37 397 
970 890 417 490 
1906. 330 091 457 330 091 457 
1905 286 468 161 286 468 161 
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progress, reality project tie them their present state 
development and prohibit future progress. Nor can forgotten 
that inviolable law Nature that that which does not 
forward must backward—nothing can remain stationary. 

The story the crude millionaire who wanted know the value 
the “plant” Oxford University, order that might duplicate it, 
not inappropriate, and ought have some significance those who 
imagine that replacement cost would tell the story railway values. 
they imagine, because they are ignorant them, that great rail- 
way organization carries traditions loyalty, persistence the 
face overwhelming difficulty, generous recognition public needs 
and rights, courageous adherence the real interests its share- 
holders that inspire its personnel and provide genuine esprit 
corps? they find superiority one organization over another, 
systematic economies method, especial adaptation economic 
needs that has value more genuine than any replaceable element, and 
least equally worthy compensatory 

there were not abundant evidence that the railway industry 
not excessively profitable, there would more reason the side 
those who continually put forward new schemes restriction; but, 
not only such evidence ample, but there evidence any sort 
tending establish the contrary. Limiting the inquiry the region 
east the Mississippi and north the Ohio and Potomac Rivers, 
commonly known Official Classificaton Territory, the statement 
Table 13, based the book cost railways, with their equipment, 
supplies, and materials hand, instructive. The data are from the 
reports the Interstate Commerce Commission. 

The amounts shown Table “operating income” are, 
should remembered, those earned, and not those distributed 
interest bonds and dividends shares, which were necessarily 
much smaller. Bearing this mind, significant that the per- 
centage such operating income cost property has not but once 
the last twelve years, the most prosperous duo-decade the Nation’s 
history, exceeded 6%, and then only very small fraction; and 
that the average for the whole period less than per cent. Every 
one knows that the real value and the actual cost the railway property 
this region greatly exceeds its book cost, that these percentages 
are undoubtedly much excess the real rates net earnings 
value cost property. 


that there presented the Society paper which shows such 
thoroughness understanding difficult problem, and much 
real experience its solution, manifested therein; and the 
author certainly congratulated such logical and forcible 
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presentation the subject. There may some points which 
engineers who have been engaged such work cannot agree with 
him; but certainly cannot said that has not argued very clearly 
and logically nearly all the debatable questions. 

Those who have not had actual experience making valuation 
railway company’s property cannot have any idea the enormous 
amount detail and labor necessary make such compilation 
any real value. simply means that every detail every structure 
whatever kind must investigated, together with the various con- 
siderations covering “intangible values,” which the author has ably 
discussed. 

The writer was fortunate enough employed the valuation 
the Chicago and Northwestern Railway property Minnesota 
1906, and possibly some details the manner which the actual 
field work the survey was done may interest. 

The work consisted making compilation from records, 
from actual surveys when necessary, about 625 miles railway 
property, including several important terminals. The property had 
been built between 1860 and 1901, mostly the early part this 
period. The portions which had been constructed during the latter 
part the period, say from 1890 1906, presented difficulties, 
the records were very clear and complete, but the portions constructed 
the Sixties had practically records. Some had been built 
small independent companies, which were acquired later the North- 
western System. these old lines the records were practically nil, 
and those existence were soon found absolutely use. 
Even the newer lines was found that many changes had been 
made within few years after their construction, and that was 
sometimes more economical, regards time least, make new 
survey the property than use the records. 

After examining all the old records very thoroughly, and endeavor- 
ing get some order and information out them, was decided that 
the only way the work properly was make complete survey 
and valuation all the physical property. Several field parties were 
organized and also office force, about twenty men being put the 
work. The parties ran levels for profile purposes, cross-sectioned cuts 
where necessary, noted evidences clearing and grubbing, the 
character the cuts, and the disposal the material, examined the 
ballast for depth and character, examined the rails for age, weight, 
and condition, and noted the kind and condition the fences, gates, 
farm crossings, planking, whistle and highway-crossing posts, culverts, 
bridges, and fact every detail construction. Advantage was also 
taken the survey re-station the lines, paint such stations 
the rails, and set permanent posts, that afterward the stationing 
could picked any time with little trouble. 
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this way there was accomplished much work value the 
railway company, for which there had been demand the division 
officials for years, but which had not been done because lack men 
and money. 

attempt was made assign depreciation, regards the rails; 
this was determined afterward, from the age the steel the track. 
was necessary, however, make quite thorough inspection the 
ties, and note their condition, they were replaced year year 
singly they wore out. Almost every conceivable kind timber 
had been used for ties one time another. Treated and untreated 
ties lay side side; and thus there was great difficulty classify- 
ing them with regard the kind timber. With bridge ties and 
timbers frame and pile bridges, there was not much difficulty, 
they were open inspection, and had been inspected twice yearly 
the Division Engineer and the Superintendent Bridges and Build- 
ings, and records their condition and renewals had been 
kept. The depth and condition the ballast also varied very widely. 

very short time all the men the survey became well 
acquainted with the character the work they had do, and, the 
work went on, the progress the party day day was very much 
more rapid. the beginning the survey, progress 
miles single track was considered very good day’s work; the 
end the survey, the parties were making from miles 
per day. 

There was considerable difficulty setting proper values the 
hundreds buildings, large and small, owned the railroad. Most 
these buildings had never been constructed from plans, and was 
difficult caleulate what they had cost originally, and what would 
have cost build them the time the survey. However, time books 
were searched, and the contents the buildings board feet were 
caleulated, and, while many cases their age was not known from 
any records, was nearly always possible find out from somebody 
just when they were erected. 

intimated before, the railway company derived much actual 
benefit from the work, outside the accurate knowledge obtained 
the value the property itself. Steel charts, bridge records, 
were established, and profiles, stationing, continuous bench-levels, 
were all re-run re-established; thus making the engineering work 
the future more consistent and uniform, and enabling more work 
done with smaller force. New maps all the station grounds 
and terminals were obtained, and all the records were put better 
shape than they had ever been before. 

Examination some the old terminals brought light many 
strange and out-of-date conditions. Old wrought-iron rails anti- 
quated pattern, old cast-iron frogs, pattern which had not 
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been general use for fifty years, were found the track. some 
the little-used sidings, the old wrought-iron rails were worn 
that the tread the rail was entirely gone, only the web remaining 
carry the traffic, and such rails were still use. 

such valuation, also, many items, some considerable magni- 
tude, were found which were extremely difficult classify and assign 
their proper place. Such one, for instance, soft, sand rock 
deposit beside the track, whieh for many years had furnished engine 
sand. Many thousand yards this material had been excavated, 
but had not gone into the roadbed ballast, make fills, 
widen embankments. would hardly have been proper classify 
such excavation grading, for was item engine maintenance 
and train operation. This only one numerous problems which 
had solved. 

After all the survey had been made, most the work compila- 
tion had done. Some had already been done the office 
the small oftice force, but the great mass had done the men 
who did the work the field. This task was almost incomprehensi- 
ble magnitude. There were thousands and thousands items, 
such great mass figures that the ordinary man would become lost 
the maze. The data had checked and re-checked men who 
were not accountants, and sometimes most ludicrous mistakes were 
discovered. However, was last accomplished, and the writer’s 
recollection the “Present Value” the Chicago and Northwestern 
property Minnesota that was somewhat more than $23 000 000 
for the entire mileage (about 625 miles), average about 
$37 000 per mile track. Hardly any the mileage would called 
high-class trunk-line track, but most might classed second- 
class important branch-line railway. 

valuable addition the literature comparatively new subject that 
rapidly attaining great political importance, and gives abundant 
evidence deep research and thought the author. The reasons for 
determining the true value such properties, well the general 
principles making the valuation appraisal, have been set forth 
clearly and convincingly that little can added this hence, 
there room for comment only about details. 

One the perplexing questions the determination the proper 
value the right way and real estate railroad. The land was 
originally acquired certain cost, essentially for public use, and 
the course time its value, determined reproduction cost, 
usually becomes increased the development the adjacent 
land its various owners. Without the railroad, such development 
and appreciation land values would probably not have occurred, and, 
therefore, has been argued many persons that, for taxation pur- 
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poses, the railroad lands should appraised only their original cost, 
while, for capitalization purposes, they should appraised value 
measured that the adjacent land the present time. This claim 
based the theory that the railroad like any other piece 
work, such canal, highway, pavement, which built for 
the use the public, and which tax levied State 
municipality. the other hand, has been held some our 
Courts that proper valuation must take into account the appreciation 
depreciation land values; but, the opinion Court not 
unalterable, the soundness this doctrine cannot regarded per- 
manently established. 

The author states* that there can serious objection this 
doctrine relation rights way the country and small towns, 
although admits that subject exceptions the case cities 
and terminal and dock properties. will great interest learn 
his reasons for making such exceptions the case the most costly 
lands, and whether the valuation such lands should more less 
than that similar adjacent lands used for other purposes. From the 
context the inference may drawn that the valuation should some- 
what higher than that adjacent similar land the case steam 
interurban railroad, because its holdings form continuous strip; 
but the writer this reasoning does not appear satisfactory. The 
statement the Court, that “the value land depends largely upon 
the use which put and the character the improvements upon 
does not necessarily involve higher valuation the property than 
its and quite conceivable that the actual value the property 
after being taken railroad may much less than was before. 
The only reason such case for maintaining the purchase price 
conserve the general valuation the adjacent similar real estate. 

dealing with the subject depreciation, the author has been 
very brief, did not consider essential for the purposes the 
paper. This regretted, depreciation important feature 
every valuation, and few trustworthy data concerning are 
available. The value the paper would greatly enhanced the 
author would give the assumed average life the principal com- 
ponents railroad, based some definite traffic, and normal 
grades and curves. Much diversity practice this respect prevails, 
and the final judgment the numerous experts who were engaged 
the Michigan valuations cannot fail great interest. The same 
remarks are also applicable the unit prices adopted for construction 
and equipment. 

subjects expenses for organization, engineering, administra- 
tion, contingencies, and non-physical values are treated very thoroughly 
the author, and particularly interesting his discussion the 
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complex question franchise value. After quoting from numerous 
judicial opinions, reaches the conclusion that the franchise simply 
protects the owners the property their enjoyment the earnings, 
and that its value merges into the “fair value” the property and 
becomes inseparable from the other non-physical elements value; 
also, that the aggregate non-physical value the property depends 
only the net income for period years. This method estima- 
tion certainly has the merit being simple, rational, and free from 
all hypothetical considerations. is, however, obviously governed 
the rates charged for the services rendered, and these are likely 
altered any time governmental action, corresponding alteration 
the “fair value” the property will take place. 

This consideration brings once the intricate question 
reasonable rates, which involves the matter reasonable design and 
construction the property. most cases the working capacity 
the plant must much greater than the average annual demand for 
the service performed, so-called “peak loads” relatively short 
duration must provided for. The magnitude these peak loads, 
however, varies with the subsequent development the territory, which 
necessarily conjectural; hence follows that comparatively large 
amount capital often invested enterprise for the purpose 
taking care such anticipated temporary demands, and this invest- 
ment “fair return” should granted. This condition particularly 
noticeable municipal water-works plants, where provision must 
made for supplying water for fire service extent which may 
several times greater than the normal hourly rate consumption. 
the railroads, such demands can usually met adding the 
rolling stock moderate expense, while water-works the outlay 
relatively greater because the entire plant must adapted the 
outset the anticipated maximum delivery the course com- 
paratively long period time. 

The problem rate-making has been excluded the author from 
his present paper valuation; but, inasmuch well qualified 
for the task, and also because the non-physical value the property 
depends mainly the rates obtained for the service rendered, 
hoped that will deal with this feature subsequent paper, thereby 
bringing out discussion the obscure subject “fair return.” 
noticeable that these phrases occur frequently judicial opinions, 
but the fundamental principles which definite conclusion should 
reached are seldom set forth clearly. 


problem includes practically all the factors the general subject 


economics, which engineering occupies large but means 
preponderant part. Mr. Riggs has done some very valuable and pioneer 
work contributing this paper this time; and the writer, calling 
attention what appears radical error it, does not wish 
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taken attempting detract any way from its great value 
whole. most important, the inception such investiga- 
tion, the part the members this Society, remove from the 
subject the stumbling blocks they appear. 

The author makes the following statement: 


“Tt true that the ‘value’ property unstable figure, sub- 
ject fluctuations due natural artificial causes, and that 
material change value may occur suddenly, but the ‘value’ any 
given property any given date is, should be, from engineering 
standpoint, definite sum which may not varied changed suit 
the whim will the people for whom the work done.” 


The fundamental conception value important in- 
vestigation this kind that worthy careful and thorough 
discussion. 

The appraisals which the writer has had make have 
generally been for one other the following purposes, namely: 

Taxation, the interest the community corporation 
taxed 

(II) Bonding, the interest the banker representative 
persons who contemplated loaning money the property; 

Rate-making, order determine what was fair amount 


money that the property should allowed earn for the 
owners. 


Now, general, proper value for any property for any one 
these purposes different from its proper value for any the 
others. This proposition immense significance, for the reason that, 
the value for the property arrived at, one basis, accepted and 
applied for one the other purposes, will inevitably result gross 
injury and financial loss some one. 

attacking this problem, one must careful take the correct 
standpoint, which not necessarily that engineering. Engineering 
science indispensable for large part the work, but there are 
other indispensables which would not ordinarily recognized 
engineering. The writer takes the view that engineering part 
rather than economies being part engineering. 

illustrate this point, consider two objects, one which con- 
crete and simple and the other more complex. 


(1) steam shovel belonging railroad, costing $10 000, new; 
(2) The entire railroad operating entity. 


Assume for (1) that the shovel has been purchased recently, 
perfect condition, and that the railroad has some work for com- 
mence soon can properly installed. What its: 

Taxable value, 
(II) Bonding value, and 
(IIT) Rate-making value? 
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The tax assessor cannot properly appraise because 
certainly would not sell for that sum, and the community should 
have sell for taxes the actual return minus the charges would 
much less than the $10 000 that the community’s books would show 
heavy loss; and this practice, largely indulged in, would bring the 
community into financial straits. The community must exceedingly 
conservative its estimate, for this very reason; and, therefore, has 
been customary, almost universally, tax such articles practically 
their sale value what might called panic prices. The company 
which sold the shovel the railroad would not buy back two days 
after the sale for more than the original price minus what that com- 
pany considers its selling charges, say 20%; that, this case, even 
customer were the door, the shovel would not worth more 
than and fair tax appraisal could not consistently more 
than minus charges of, say, $250, 750. 

(II) Assuming that the railroad very small one, that wants 
borrow money, and desires put the shovel collateral for the 
loan. What would its loan value the lender? considering 
this point, necessary assume that aid rendered the credit 
the railroad itself, but that the protection for the loan 
furnished the shovel only. Now, the banker will reason that, the 
event the note remaining unpaid, will have sell the shovel 
reimburse the bank for its loan, and will required consider 
the matter conservative basis. cannot loan the shovel 
its full value, for the first place not “negotiable security.” 
were security, with free market some stock exchange, 
would probably loan the amount 80% its value, but steam 
exchange, nor easy foreclose stock certificate banker’s 
box; therefore will loan, ought loan, less than 80% its 
sale value, minus the selling charges. loans more than this, 
loaning the credit the owner the shovel rather than the 
shovel itself. Granted that the maker the shovel willing buy 
back its full selling price less the selling cost, the maximum loan 
value the shovel would little less than 64% its purchase 
price, $6400. loan more than this the shovel would not 
conservative banking. 

There another bonding loan value this shovel, when 
considered part the assets the railroad whose bonds are 
held the banker, under which circumstances higher value than 
400 would admissible. 

(IIT) the value determined with view ascertaining 
what reasonable figure that the owner the shovel ought 
allowed earn public utility organization, the problem entirely 
distinct from the foregoing two cases. Assume that the railroad 
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entitled earn least its investment the shovel. Now, its Mr. 


investment $10000, because that the money that cost; and 
nothing had been credited its account, since the shovel had just been 
purchased and had not yet done any work. The shovel cannot con- 
sidered being worth more than its cost, and can easily shown 
not worth less for rate-making purposes. 

These three illustrations, which are very briefly outlined, should 
demonstrate the fact that there almost relationship between any 
two the different kinds value which are being considered. 

Now, from the standpoint the railroad whole: 

(1) Should railroad property taxed the basis what the 
entire railroad would bring foreclosure procedure? Obviously 
not, the railroad taxed sections. The Town Squedunk 
will tax the portion the railroad that lies within that town, and will 
have considerable difficulty putting down security for its own 
bonds the locomotives and cars which through once week twice 
day miles per hour. cover partly the flitting assets, taxes 
the railroad franchise value. may tax railroad’s land the 
same basis that taxes land owned private individuals, notwith- 
standing the fact that when the railroad buys the right way 
generally has pay more money per acre than the householder the 
farmer. This unit cost the railroad may two three times that 
the farmer, yet the writer has never heard community attempt- 
ing tax railroad property two three times heavily adjoining 
property used for private commercial purposes. 

(II) the other hand, this same property absolutely sound 
asset for the railroad, and the railroad probably bought the property 
from the proceeds the sale bonds. the public service commis- 
sions were rule that the railroad may allowed issue bonds only 
the amount the taxable value the property which held 
security for the bonds, the result would absolute paralysis 
railroad construction. bond obligation pay much 
interest for many years, and pay back the principal the end 
its term. The bondholder interested the absolute regularity 
his interest, and the security that lies behind the principal, and 
to-day the custom banking houses consider bond well secured 
when, territory reasonably rapid growth, the principal earn- 
ing say twice the interest its bonds, and when the cost reproduc- 
tion excess the amount the bonds, provided that the 
property good physical condition. should necessary 
foreclose the the bonds, then reasonable suppose that some 
one else will buy for least the amount its bonded indebted- 
ness. What can this possibly have with the taxable value the 
track the Town Squedunk? One may 1.5 times the other, 
three times the other, depending multitude circumstances. 
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(IIT) The value the property for rate-making complex one 
determine, and, course, there opportunity for full dis- 
cussion here. One point, however, will serve establish 
thoroughly the difference between this and taxable bonding value. 
the community prosperous and the business good one and 
honestly managed, the railroad ought allowed earn reasonable 
percentage, say, least 6%, what has been put into it. the 
community should decree otherwise, then people will not build rail- 
roads for investment purposes, and all will lose money. Now, 
well-known fact that new railroad’s earnings have grow for several 
years before they are normal basis, and part what the owners 
the property have put into is, for example, the interest its 
cost before its earnings are normal basis. This may amount 
considerable percentage the original construction cost the 
property, the business several years developing. Granted that 
the community ought allow the property earn reasonable 
interest what has been put into it, then the rate-making value will 
very much larger than the sum the taxable valuation all its 
different parts. will also much greater than its bonding value, 
because, bond proposition, can borrow money limited 


fix the valuation public service corporation property 
has little engineering literature this special subject guide 
him that must feel grateful the author this excellent paper 
for adding much kind that very desirable. 

Estimating the cost engineering structure advance its con- 
struction one the most ordinary professional duties, but how diffi- 
cult actually how much engineers differ with one another 
their estimates the same structure! Perhaps there professional 
duty which calls for much study and much experience, which 
tests closely the ability and capacity the engineer. How seldom pro- 
fessional estimators agree with each other; designing engineers with 
contracting engineers; witness the bids received the public lettings 
contracts when compared with the engineers’ estimates cost; and, 
this true, which one will attempt deny, how much more 
probable that estimators will disagree when they attempt place 
value works already completed, and service, perhaps, for many 
years, which various changes value have occurred, and which 
questions fact are mixed with legal questions involving legal rights, 
well financial questions. 

The tendency all such valuations appears mixing 
things general—like the witches’ stew. Everything goes into the pot 
and boiled together until all becomes soup, least until the official 
commission, like the witches, considers done and ready served 
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the form report. then observed that the substance 
served out complex nature; that the valuation engineering 
structures has become mixed with other and uncertain values; that the 
whole value, stated, is, after all, little better than the commission’s 
opinion the value; and that another commission would reach 
different conclusion. 

The author states that the valuation corporation property: 


“Should the honest judgment the men composing the com- 
mission, the actual cost reproduction, present physical value, 
‘fair value,’ and should ascertained systematic and scientific 
method which takes into account all the facts concerning the property, 
its physical value, its strategic location, its operating revenues and 
expenses, and its franchises, rights, competition, opposition, and all 
other tangible intangible elements, which would affect values. The 
method valuation should such minimize entirely eliminate 
all differences due errors personal judgment.” 


This, seems, complicates actual present values with conditions 
which might, might not, continue. Outside the physical valua- 
tion the plant, which offers the easiest problem presented, how can 
one fairly put value operating expenses and revenues, which 
might affected favorably advisedly good bad management, 
and numerous other complex and almost incomprehensible 

The tendency all such commissions seems confuse 
together and mix some things which are logically separate. Thus, 
the value the plant and franchise, good will, and present investment 
income value, are too often taken together. The value the 
plant dependent the cost reproduction, and also the deprecia- 
tion the structures, engineering structures, and should based 
present prices for which the work could replaced, minus the 
depreciation, which question engineering judgment and experi- 
ence. The other items value are largely dependent the situation 
the plant and its prospects income-producing property, and this 
again matter opinion, which the opinions financiers and 
investors are sometimes more moment than those engineers. 
The opinion lawyers the value the franchises and the cost 
the legal complications possible probable must also enter into any 
seriously worthy opinion value. 

The few salient lights the picture valuation, presented the 
author, serve especially reveal the darkness which involves the whole 
subject valuation, estimating, and the use cost data for such 
purposes, and suggest that, with all the wonderful progress the 
theoretical side the profession, engineers have yet advanced but 
little this division the practical side—cost data, valuation, and esti- 
mating. Engineers cannot compare the results different estimators 
and appraisers without sorrow and even shame for their ignorance, 


Mr. 
Hammond. 


| 
a 
4 
4 
¢ 
q 
| 
| 


Mr. 
Hammond. 


Mr. 
Metcalf. 


240 DISCUSSION: VALUATION PUBLIC SERVICE 


their incapacity agree the application scientific principles and 
the results practical experience this branch their work. 

present would seem long way from method 
valuation, “such minimize entirely eliminate all differences 
due errors personal judgment.” 

The method described having been used Professor Adams 
seems least advance toward logical and rational method 
getting the value corporation property, but must acknowl- 
edged that are yet long way from perfect method appraisal, 
even the physical values, say nothing the non-physical. 
held that nothing visible tangible gave support the latter value, 
must determined the basis information secured from the 
income accounts the company. This method measure, would 
seem, not unlike the celebrated dictum the length the Chancel- 
lor’s foot, “some Chancellors have long foot, and some indifferent 
foot, and some short foot”; therefore, great English Chancellor 
says, “the length Chancellor’s foot should not taken 
measure rights equity.” Thus, the income the company 
taken the appraising engineers, the gross income, may 
have given different interpretation from the net income, and 
the surplus earnings depend transient causes excessive rates 
for service, will lead totally erroneous conclusion. The same 
may said the rates for service are too low, the company 
badly managed, carrying great deal “dead wood,” either 
the form property servants. Therefore, seems evident that 
who attempts follow this method appraisal must possess almost 
superhuman judgment present conditions, and prescience forecast 
the future, well grade wisdom and knowledge existing 
conditions trade and industry which may also characterized 
superhuman. order apply Professor Adams’ method justly, 
must know whether the company wisely managed, whether its income 
fair income, whether its physical property all useful and needful, 
whether its service what ought efficiency and economy, 
ete. must assume ideal condition commerce and industry, 
and property value and management, and then appraise the com- 
pany’s property comparing it, consciously unconsciously, with 
this ideal. Possibly this the best method devised far, but surely 
leaves great deal desired; and difficult see how 
different engineers, different sides the question, representing 
different interests, can find any common ground agreement 
Professor Adams’ method. Under such circumstances, engineers are 
likely differ their results much the length the different 
Chancellors’ feet. 


done engineers, and more particularly those interested valuation 
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works, genuine service presenting the Society this admirable 

shrewd observer can fail recognize the increasingly insistent 
demand the public for greater publicity the accounting, and 
larger measure governmental control the operation, public 
service corporations. its best form, such control will 
the corporations, giving greater stability investment such 
property; its worst, may prove serious limitation prompt 
development the best standards service. the water-works field, 
the anti-corporation movement has resulted taking over the 
public many such plants. does not seem likely, however, that are 
ready farther the railroad field operation than demand 
reasonable regulation such corporations. 

While the writer has had experience railway management 
valuation, has devoted much time and thought the valuation of, 
and determination fair-rate schedules for, water-works properties; 
therefore, what may have say comment this paper may 
assumed have direct application water-works valuation, and 
railroad valuation only the similarity the public service rendered 
these corporations may imply. 

the main, the writer subscribes heartily the views expressed 
the author and the temperate way which has expounded them. 
Space forbids discussion detail all the matters alluded and 
well covered Mr. Riggs. one important subject, however—the 
inclusion the going value, going concern value, public service 
corporation property, the intangible property values, rather than 
plant value, and the consideration intangible value 
rather than real and substantial item cost the public service 
corporation—the writer differs from the author. clear, from what 
Mr. Riggs has said, that this debatable ground, and, from the care 
and fairness with which has expressed his views this subject, 
one might almost led infer that invites attack it. 
spirit criticism, however, that the following views are 
expressed. 

the writer has recently submitted the Publication Committee 
this Society paper the “Going Value Water-Works,” written 
him collaboration with John Alvord, Am. Soe E., 
which detailed discussion this subject will found, only enough 
will said outline clearly his point view. 

The author says: 


“The physical property that which enables the corporation 
business. Without physical property could not produce the com- 
modity which The amount money actually invested 
acquiring that physical property represents the measure capital 
which morally entitled earn interest and profit; and, the 
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stage promoting and financing the enterprise, all hope earnings 
based the amount money required construct the property.” 


also says: 


“Tt would seem reasonable say that this difference between the 
physical value and the value based earnings represents the ‘good 
will,’ ‘established business,’ ‘going value,’ and all other non-physical 
elements value.” 


Alvord] involves going into the realm conjecture and specula- 
readily seen that the physical present value not always—indeed, 
not often—the ‘fair value.’ The ‘fair value’ may more, less, than 
the present value the physical property.” 

not, then, proper conclude that the non- 
physical imtangible value, composed all these various elements 
value, can only determined absolutely study the earnings 
and operating expenses? 


also says: 
“The contention that all the different elements non-physical 


value merge into one intangible value, not capable separation, will 


doubtless objected many engineers and corporation managers. 
* * 


“The writer does not concede that ‘going concern’ proper 
element consider the physical value, does not represent 
any part the cost chargeable capital, and the physical valuation 
should confined the determination capital invested.” 


Quotations might multiplied. Those cited, however, will suffice 
recall the author’s view, and make clear the point with which 
issue taken. 

Mr. Riggs right his contention that going value fact 
intangible value; that going value not element real cost 
the company, involving investment capital; that going value, there- 
fore, should not included physical plant value; and that the 
company not morally entitled earn interest and profit it? 

The contends that going value real element cost, 
the property any service corporation, the cost any 
portion its physical plant. pertains, however, the business, 
rather than the physical plant, the corporation. 

Whatever the difficulties its computation may be, whatever the 
methods used—whether that adopted the Wisconsin Service 
Commission (which essentially one determining the original cost 
the going value and not its reproduction cost), whether that 
perhaps first outlined Mr. Benezette Williams and George 
Benzenberg, Past-President, Am. E., the Middle West, and 
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William Wheeler, Am. E., the East,* method which 
seeks determine the reproduction cost the going value, rather 
than its original cost—the going concern value has come 
recognized, water-works appraisers least, substantial element 
the cost the plant, and hence differing essentially from the 
franchise element so-called unearned increments value. 

not going value “between” class—a middle ground between 
tangible and intangible values—tangible that has involved real 
cost and expenditure money; intangible that not readily 
are other reproduction cost items, dependent funda- 
mentally the earnings the company, and that there tangible 
equivalent show for the expenditure, except the existing income 


the corporation 


Surely its character quite different from that 


the franchise, ordinarily found, the value which, while real, 
from the rate-payers’ point view, seems made out whole 
cloth; short, seems fictitious value. 

Certainly, the conjectural and speculative character the compu- 


referred Mr. Riggs—involved the determination 


going value excuse for failure recognize going value 
real element cost, rather than intangible value. 
fact, the variation the views going value, engineers who 
have given this subject particular study, while greater than the varia- 
tion their estimates the reproduction cost the physical plant, 
still far less than the variation their views franchise value. 


bearing the proper basis for rate-making, 
ment, that the 


legally 


Oe * 


the author’s 


matter 


state- 


physical property represents the measure 
capital which [the public service corporation] morally entitled 
earn interest and profit cannot admitted, equitably 


that this sentence summed his final views. 


Are not, however, approaching basis rate-making, 
cated the earning, 


terest and profit) reproduction cost the property, less accrued 
depreciation, plus going value, plus nominal allowance for the fran- 
chise and other intangible values the corporation 
that the recent depression the business world has been due, con- 
siderable measure, the shrinkage the values ascribed franchise 


and not assumed that Mr. Riggs desired imply 


predi- 


service corporations, operation and 
maintenance expenses, depreciation allowance, and return in- 


not possible 


and other intangible value public service corporation property 


are approaching such limitation, the more important 
that the public should educated the fact—not theory, for 


Shortly after the Kansas City Water Company case and the classic decision Mr. 
the suggestions number engineers, among 


Justice Brewer. and since develo 


them John 
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whose admirable article 


‘Going Value of 


resented the Milwaukee Convention the American Water-Works 
Association, held 1909. familiar all students water-works valuation. 
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fact—that going value, going concern value, real element 
cost, covering outlay effort and money the part the 
corporation, and such much entitled earn return (interest 
and profit) the other capital invested plant. not any 
items real and necessary cost the corporation that the public 
objects paying tribute, but the “unearned increments” and the 
virtual monopoly “privileges” enjoyed the corporation and created, 
large measure least, public itself and normal conditions 
growth and development for which the public, rather than the 
corporation, was perhaps responsible—though many cases may 
urged truly that the corporation itself, rather than the public, has been 
responsible for the development. 

Such basis rating, while still dependent sound judgment 
and judicial treatment, nevertheless not beset with the speculative 
element involved the capitalization theory, which, Mr. Riggs him- 
self admits, fails basis rate-making except when predicated 
fair rates. 

the writer’s contention, that going value real element 
cost the property any service corporation, sound, Mr. 
Riggs’ statement that, “It appears doubtful whether the Court 
can construed approving such element value rate cases,” 
and his interpretation Judge Tayler’s ruling the Cleveland Street 
Railway matter,* must challenged. 

Certainly, applied water-works valuation, Mr. Riggs’ state- 
ment not justified. The Maine cases clearly include going value 
element value which rates should predicated; infer- 
ence, does the Kansas City case. the Knoxville case was 
fact allowed the Master. 

equity cannot doubted that going value should included 
the base which the returns are predicated, if, contended, 
involves real cost the company; for the company must permitted 
earn fair return this cost, liquidate some way, 
otherwise the corporation would suffer substantial property loss— 
from 20%, more less, the reproduction cost its property. 
This would contrary policy, for, with such outlook, 
capital would not enter this field enterprise, except increased 
rates return, commensurate with this added hazard. assume 
such increased rates return provide another means liquidat- 
ing such loss. 

“good will,” has seemed the writer more proper use 
this term private competitive corporation enterprises, applied 
the element value corresponding the going value the quasi- 
municipal public service corporation enterprises, which latter are 
controlled monopolies. the term used its more collo- 
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quial sense, such the effect earnings having, the office 
the corporation, men who meet the public pleasantly, who are good 
and who are active getting business, the value sub- 
stantially included the consideration the income, the manner 
involved going value determination and franchise valuation. 

The depreciation question has been discussed fully elsewhere 
that the writer only calls attention the fact that, while physical 
and functional depreciation only are considered review 
the present physical condition any plant, considering fair-rate 
schedule, provision should also made for contingent depreciation, 
covering such items cost incident change street grades con- 
struction subways; placing structures under ground, which were 
previously above ground; serious loss due injury electrolysis, the 
distribution which over period years rather than inclusion 
the operating cost for one year, preferred, alike from the public 
and from the corporate point view, from the fact that spreads the 
burden borne the rates, and prevents violent fluctuation 
prices valuation the service corporation’s property. The 
pays dearly for all hazards. wise, therefore, pursue the 
conservative course providing adequate funds meet extraordinary 
conditions, and give stability the investment the corporation. 
Moreover, such funds can carried separate account which can 
readily watched; any excess can credited future reduction 
depreciation account requirements, while prolonged deficit cannot 
perhaps recovered the corporation, the light the Knoxville 
decision. 

The comment that hard-and-fast rule can cover determination 
proper depreciation allowances, amply justified. its final 
analysis, matter good judgment, experience, and judicial 
temper. 

The author’s statement that the organization, legal, engineering, 
administration, and general expense accounts, “should not con- 
sidered affected depreciation, long the property going 
concern,” not quite clear. Obviously, this true with regard all 
the early organization expenses, these expenses are incurred once 
for all, and constitute continuing asset similar other elements 
plant cost. If, however, the author refers therein also the engineer- 
ing and contingent item added many the reproduction cost items 
making the physical property, exception must made; for when 
old structure, the life which gone, replaced with new 
structure, new engineering costs are incurred, and the engineering 
element cost incident the installation the original structure 
longer inheres the plant. It, too, has passed away with the life 
the structure, and, therefore, its cost should liquidated, pro- 
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vided for the depreciation account, well the cost the struc- 
ture which was incident. 

the same way the “interest-during-construction” item not 
continuing asset, but should liquidated with the complete deprecia- 
tion the portion the structure which relates. The replace- 
ment the structure will involve new “interest-during-construction” 
charges, commensurate with the time required for construction. The 
value the initial “interest-during-construction” costs will have dis- 
appeared with the original structure and, therefore, should taken 
the depreciation account. 

The method making allowances for interest during construction, 
suggested the author,* accords closely with that used Mr. Alvord 
and the writer recent valuation large water-works property, 
which the “interest-during-construction” charges were limited, and 
the contributions depreciation account were begun, the date 
which any workable unit the property was assumed available 
for service and begin earn return its investment cost, even 
though the structure, whole, was not assumed completed 
for considerable period years thereafter. Thus, for instance, 
might assumed that soon the supplying works water-works 
project were operation, the investment them and the distribu- 
tion pipe system laid that time, would cease credited 
further with “interest-during-construction” allowances, and would 
compelled earn interest through the water rates income from 
water supplied consumers—the fact that the interest charge could 
not wholly met, immediately this time, being taken care the 
resulting increment going value. 

Such theory, course, does involve determination the 
probable order and rapidity construction the component parts 
the property, and this usually made, water-works valuation, the 
estimate the reproduction cost the property. 

For the sake completeness, reference the legal decisions 
importance valuation proceedings, attention called the 
Pennsylvania case, Brymer vs. Butler Water Company (179 Pa., 231), 
referred the closing discussion the writer’s paper “Water- 
Works Valuation.”+ 

this case Justice Williams, speaking for the Supreme Court 
Pennsylvania, says: 

“By what rule the Court determine what reasonable and 
what Ordinarily, that reasonable charge system 
charges which yields fair return upon the investment. Fixed 
charges and costs maintenance and must first provided 
for. Then the interests the owners the property are con- 
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sidered. They are entitled rate return, their property will 
earn it, not less than the legal rate interest; and system 
charges that yields more income than fairly required maintain 
the plant, pay fixed charges and operating expenses, provide suitable 
sinking fund for the payment debts, and pay fair profit the 
owners the property cannot said unreasonable.” 


The Pennsylvania Court, therefore, the words William 
Wallace, Esq., recognizes the single standard: 


“The Single Standard, according the Brymer case, while 
edging the full right the public regulate such public corporations, 
also recognizes prime factor its private character and the rights 
which accrue that capacity, and holds what seems 
the only rational and practicable basis, that fair return, after 
deducting the charges above enumerated, reasonable rate”; 
whereas, “the Double Standard basis fixing reasonable rate seems 
accentuate the public side the corporation and rather ignores the 
private element.” 


the propriety the inclusion substantial recognition 
franchise value basis for rating, the layman may well confess 
perplexity, the light the conflicting nature the two important 
recent United States Supreme Court opinions referred to—the Knox- 
ville case, and the Consolidated Gas Company case—for, while sub- 
stantial allowance was made for franchise value, the Consolidated 
Gas Company case decision, large measure apparently account 
its earlier recognition the legislature, the Knoxville case, 
spite legislative recognition such value, and similar approval 
the issue securities predicated such recognition, the United 
States Supreme Court failed make similar allowance for franchise 
value. 

The author’s treatment the unit price question and the con- 
tingency item intelligent and creditable. Engineers are prone 
make valuations based “hindsight” instead “foresight,” the 
assumption that substantial difficulties construction were en- 
countered, when, fact, substantial difficulties should perhaps have 

been anticipated, and may actually have been encountered the 
original construction, record them having been obliterated, however, 
with the lapse time. 

The author’s definition the value property, the “estimated 
worth given time, measured money, taking into account all 
the elements which add its usefulness desirability business 
profit-earning proposition,” suggests the advisability recognizing 
the other side the ledger modifying his statement read: 
all the elements which add to, ‘limit, detract from’ its 
usefulness desirability business profit-earning proposition.” 

While recognizing the author’s view, that there separate and 
independent method determining franchise value, which not 
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based the determination the value the property whole, 
capitalization methods, must recognized that going value may 
determined independently, and may have positive value, even 
though the property commercial whole worth less than the sum 
the physical value and the going value. 

The Court, appraisers, and the author, alike recognize that there 
one method valuation universal application. First cost, 
reproduction cost, cost less depreciation, commercial value 
determined capitalization, worth the service the consumer, 
and market price the property, such exists, all have their weight, 
varying degree different cases. Whatever may said of, for, 
against, these several methods valuation, relates rather their sig- 
nificance, and the weight which should attach the results obtained 
them, evidence value and the effect the modifying local 
conditions, than the soundness the methods themselves. 

this connection may interest refer recent valua- 
tion water-works property, the appraisal which the writer 
chanced participate, which there was finally placed before the 
board appraisal summing of: 


The original cost; 
Reproduction cost less accrued depreciation, plus going value; 
The worth the service the consumers, based stated 


assumption reasonable increment value excess 
actual cost, upon which return (or interest and profit) 
should earned; 

The commercial capitalized value, certain assumptions 
based present conditions, and also possible future condi- 
tions which might involved renewal the City con- 
tract, which was expire within two years. 


That these determinations value, from different points view, 
had influence moulding the opinion the individual appraisers, 
there can little doubt; yet probably equally true that case 
was like weight attached the several items bases valuation. 
Nevertheless, the final valuation, the consensus opinion the 
value the property, whole, was remarkably close, the extreme 
variations opinion being approximately 8%, more, less, than the 
final appraised valuation. 

Attention should also called the necessity, any valuation 
capitalization income, such that outlined Mr. Riggs and 
used Professor Adams the Government Valuation Rail- 
roads,* determining whether the plant property what might 
termed over-built, normally developed, under-built condition; 
short, whether the investing public has correctly gauged its momen- 
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tary physical condition with reference its bearing the rates, and 
whether the earnings are fact inadequate, commensurate with the 
service rendered, excessive. the long run, due weight will 
given these facts; brief period, they may incorrectly gauged. 
water-works properties, unfortunately, there rarely, ever, 
market price the securities which can said credible 
significant valuation. Therefore, the valuation water-works 
properties, the more important that the appraisers should weigh 
carefully the present character the service furnished and the momen- 
tary adequacy inadequacy the rates predicated such service, 
the needs the community, and the existing standards the day, 

conclusion, the writer reiterates his statement, that has taken 
issue with the author carping spirit criticism, but with 
recognition the difficulty and complexity the work appraisal, 
and the conviction that engineers are under moral obligation 
educational work pointedly calling attention the fact that the 
going, going concern, value, public service corporation’s prop- 
erty not intangible value representing unearned increment, 
but very real and substantial item cost the property whole. 
While the difficulty may met placing going value, suggested 
the writer, middle class between physical plant and intangible 
values, the placing the same class with franchise and other 
intangible elements value, suggested the author, may, the 
judgment the writer, serious injury corporations, failing 
give expression, such manner shall clearly within the 
grasp the popular mind, the fundamental idea the cost 
developing going value. While the writer has personal interest 
the matter, one side the other, having served both municipality 
and corporation water-works valuations, feels, nevertheless, that 
engineers can genuine service, alike the public and the public 
service corporation, laying stress the fundamental elements 
cost and value, and particularly those which rates should predi- 
cated, public service corporation property valuation and rating. 


Am. Soc. much has been said 
the subject valuation public utilities that, although the speaker 
has thought the subject for ten years, and has done considerable 
valuation railroad properties, finds that considerably con- 
fused, for the reason that the discussions seem cover the whole field 
engineering, accounting, taxation, and economics; therefore 
suggests that, order get down basis usefulness, special 
committee should appointed take this question under con- 
sideration. 

The speaker had the honor being associated with the Michigan 
Commission, member the Board Review. Professor 
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Cooley was selected the State Michigan take charge the 
work organization, and Mr. Riggs was the engineer who organized 
the office and field Both these gentlemen were eminently suc- 
cessful that very difficult work. Mr. Cooley did this Board the 
honor saying that there were many problems coming 
actually carrying out the work (aside from the theories taxation, 
rate-making, accounting, and several other things, which could found 
more readily the Auditor’s office than the Engineer’s), that 
had asked for the appointment this Board Review, sit 
Court, and pass the many complex questions arising from day 
day; and had the satisfaction coming the Board every day 
and saying: “Well, now here condition, and how will handle it?” 
course, actually, knew more about than the Board, but 
was kind enough say that would ask for the Board’s opinion. 
That Board adjudicated all these various questions the best its 
ability, and the speaker has the satisfaction knowing that the 
valuation has stood the Federal Courts. The subjects are 
fugitive and illusive that very much depends the point view. 

The speaker now engaged the actual task trying place 
valuation some $300000000 worth property New Jersey, 
involving the most important terminals the United States. 

The valuation public service utilities the most profound ques- 
tion which has ever been before the Society, and includes great 
deal which outside strictly engineering questions; fact, the dis- 
cussions not throw much light the methods which should 
followed making valuations. 

The terminology subject very important; fact, the speaker 
has found important that his discussions with the Attorney- 
General New Jersey, reference the Railroad Tax Law, which 
has been asked re-draft, that draft will accompanied 
glossary, that the meaning certain terms used that particular 
Act will clear. 

this New Jersey work some eighty-seven engineers and assistants 
are employed, and for their guidance the speaker has prepared thirty- 
five pages very carefully considered instructions. These instructions 
are accompanied blue prints showing exactly how all field notes must 
recorded, with diagrams trusses, culverts, and the like, and all the 
elements railroad construction. 

The Tax Law New Jersey states that, first, the true value the 
real estate shall ascertained; second, the true value the tangible 
personal property; and the first law 1884 stated: “and third, the 
value the franchise”; but somebody- discovered that there was some- 
thing besides the value the real estate, the tangible personal property, 
and the franchise. They did not know what was, but there was 
something else; therefore, the 1888 law they changed the third 
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division value read: “the remaining property, including the 
franchise.” 

example one the difficulties determining classifica- 
tion, attention directed the term, Real Estate, which broadly, 
but seldom accurately, understood. 

The Interstate Commerce Commission the highest tribunal the 
land, the matter railroad accounting, but affords help 
many important elements value; for instance, under the Interstate 
Commerce Commission, real estate includes only such real estate (land) 
not required for railroad purposes. All land actually used for 
railroad purposes classified under “Right Way and Station 
Grounds.” 

When the engineers the New Jersey valuation were sent into 
the field, was necessary specify exactly what elements must 
real estate, and what tangible personal property. The 
division line had defined accurately for the reason that all 
personal property assessed permanently the State, while, the 
case real estate, the State receives the taxes strip not exceeding 
100 ft. width, and the tax all property used for railroad purposes 
outside this strip reverts the taxing district wherein found. 

The vexatious question whether machinery considered 
real estate personal property was settled the New Jersey Law, 
which says that tangible personal property shall include all machinery; 
but left unsettled the question: what machinery? After careful 
consideration, real estate was divided into classes, and all other tangi- 
ble elements were classified personal property. Some the items 
real estate are: ash-handling machinery and the like, chimneys, cis- 
terns, conveyors, dams, locks, lock machinery, electric wiring, piping, 
heating, interlocking, signaling, pavements, reservoirs, shop fittings, 
tanks, telegraph lines, track, track scales, transfer tables, water-works, 
ete., etc. Generally speaking, all items fixed character were 
included the divisions real estate. 

The difficulties determining all the elements real estate are 
mentioned simply call attention what first glance seems quite 
simple, but close examination found have great complexities. 

The question useful life depreciation, direct and indirect, due 
obsolescence, both, one the illusive questions; 
and then comes the value the franchise. 

The valuation railroad property New Jersey further compli- 
cated the requirements the State Tax Law, which specifies that 
the value the remaining property, including the franchise, shall 
determined after the “true value” the real estate and tangible 
personal property have been determined. 

The speaker will not attempt discussion franchise values, 
subject which requires the most profound study. 
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The author states that appalled the speaker’s misconception 
the method determining non-physical value used Professor 
Adams Michigan. The speaker perfectly familiar with that 
method, and, although having the greatest respect for Professor 
Adams’ opinions, compelled draw attention two important 
elements that formula which are open objection. 

Professor Adams establishes his annuity the depreciated value, 
rather than the cost, the reproduction cost, which, the speaker’s 
opinion, does not determine the proper annuity reasonable fixed 
charges deducted from net income before net surplus estab- 
lished. Bonds are generally sold considerable discount, and 
represent the full cost plus this discount, consequently, the interest 
bonds fixed charges will greater than annuity established 
cost, “reproduction cost,” “present value.” Would not more 
nearly establish fixed charges annuity, take the cost plus discount 
and commissions the basis which apply the annuity rate? 

While Professor Adams’ formula establishes larger net surplus 
for capitalization than the method suggested the speaker, 
effect destroys this net surplus charging against all betterments 
chargeable income. quite clear that this gives the railroad 
company chance absorb all net income into betterments, and thus 
wipe out all net income, which case there would net surplus 
capitalize, consequently, non-physical franchise value, and the 
total value established under this plan would less than the 
property had not been improved the betterments—reductio 
absurdum. 

reference the question whether not the method valua- 
tion should the same, regardless the purpose which the value 
applied, the speaker cannot agree with the author, and believes 
that quite consistent establish different values for different 
purposes. 

The completion large public utility, planned such scale 
provide for the requirements many years come, utilizing 
but part its and earning less than its operating expenses 
and fixed charges, with its rates toll fixed law, must considered 
different way than well-established public utility, with business 
its utmost capacity, and with tolls not fixed law. 
There are many important elements bearing this consideration 
value, and the purpose the valuation should known before attempt- 
ing establish the value. 

New Jersey the work complicated further the necessity 
establishing the value 122 separate railroad corporations, and the 
assignment all property outside the 100-ft. strip each the 
450 taxing districts through which the 122 corporations, with their 
many branches and spurs, are operating. 
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order determine the quantities and materials the per- 
manent way and structures, nine engineer corps were organized, each 
corp consisting six men. With this force the center line the 
main running track was measured, and the exact distance each 
taxing district recorded. the roadbed were made 
often changes the natural surface required, and accurate 
measurements and notes were made all structures; and, although 
many cases the engineers were able secure the plans the more 
important steel structures, the field parties were required obtain 
sufficient data compute the tonnage case was impossible get 
these plans. 

The field parties were also instructed note the character the 
land and improvements adjoining railroad property, and record sucb 
other information was necessary for comprehensive understanding 
the conditions attendant the construction railroad that locality. 

The time allotted for the completion the work one year, and 
although this comparatively short period which introduce 
premium system field work, was decided inaugurate such 
system would nearly satisfactory possible under the condi- 
tions. record each field force for each day each month was 
made profile paper, using the horizontal lines represent the 
number tracks, and the vertical lines represent distance. Two 
horizontal lines were allowed for single track, four for double track, 
and on. One mile was allowed for each vertical division the 
paper, and, awarding the premium, there was taken into considera- 
tion, not only the extent territory covered each field party, but 
much consideration was given the field notes, and cash prize was 
awarded each month. 

The results the organization and encouragement the field 
parties are shown the very great increase the amount work 
per man the field parties, which was nearly 300% during the time 
the parties were the field. 

great many questions hinging interstate commerce, and 
involving Fundamental, State, Federal, and International Law, are 
embraced the broad view the valuation railroad properties. 
The movement rolling stock through various States, and between 
the United States, Canada, and Mexico, and the determination the 
situs and domicile floating equipment, are subjects which, not only 
require considerable knowledge railroad operation, but involve many 
questions not clearly determined the Courts. 

The subject such great importance that steps should taken 
formulate methods procedure, and, the Annual Meeting the 
Society, the speaker will offer resolution requesting the appointment 
Special Committee determine the proper methods used 
the valuation public utilities. 
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Am. Soc. E.—Engineers and those 
generally interested the valuation public service properties are 
fortunate having the valuable information embodied this paper. 
Although there are some points which the speaker differs with the 
author, the following remarks are only offered order bring out, 
from experience, some further phases the subject, rather than 
attempt criticize. 

great deal heard about the exact cost reproduction, also 
arguments reference the proper allowance for contingencies, 
probably only involving small percentage. The speaker questions 
the propriety advocating the exact cost figures. The carefully 
checked cost figures reliable contractors, with first-class engineering 
organizations, submitting proposals the same construction, are 
often found vary from 15% from the total cost. Different 
organizations will sometimes the cause figures varying 
more, depending the efficiency and experience the corps. clever 
purchasing agent will reduce apparently precise estimate equip- 
ment supplies much 10%; the other hand, the condition 
the market may such that the actual price paid exceeds the 
estimate the same percentage. Engineers who are responsible for 
estimating on, and the execution of, construction projects generally 
add more than 10% for contingencies, practically impossible 
anticipate them, and precise estimate almost certain fall short. 
unfortunate that almost impossible sustain contingency 
figures the witness stand; for that reason, probably, would more 
satisfactory the lay mind, and the various courts, boards, 
which are required pass valuations, and not thoroughly under- 
stand the technicalities the situation, engineers would drop the 
contingency item and modify the quantities the unit prices. 

possible estimate the exact cost reproduction, certainly 
considerable variation may expected from independent sources 
computing depreciation and present values. Yet there are reputable 
engineers who would have one believe (assuming that they know the 
cost reproduction) that simple field inspection they are able 
compute the exact present value. 

Some time ago, the speaker heard expert testify the interest 
certain city, for tax purposes, with reference the value piece 
street-railway track. first stated the valuation for reproduction, 
and then the definite present value. The latter was greatly excess 
the actual value. The expert, who was engineer considerable 
standing, cross-examination, did not know the height rail from 
top head bottom groove, either the joint any other part 
its length; did not know the exact depth flange the car wheels 
which operated over that track, the headway, the exact weight 
the cars used. had assumed the condition the ties, and that the 
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track was ballasted. Finally, was compelled admit that his 
determination the depreciation, simply field inspection, was 
very rough approximation. Now, not every case the past 
that corporation attorney, even with engineering assistance, has been 
able point out unfair testimony. Many times the speaker has heard 
incompetent testimony admitted, the general principle that the 
witness was engineer note, even though his record had been 
made other specialities. Too much stress cannot put this phase 
the subject, and the speaker glad that the author has mentioned 
the fact that the personnel those doing appraisal work should 
the highest order. the past probable that the failure dis- 
criminate properly accepting incompetent testimony (not mention 
prejudiced testimony) was automatic, and this the most important 
reason much the hostility officials public service properties 
toward all forms investigation, the author mentions. 

Company officials know that they are often compelled employ 
and train specialists furnish, within fairly accurate limits, the very 
information which being sought, and naturally they are skeptical 
about the data presented those who, though not intimate with the 
property, purport give exact cost figures. Any one who able 
point out consistent method whereby these exact figures may 
obtained surely will obtain credit for valuable contribution toward 
the solution the complex subject valuation. 

Referring the valuation the property the Detroit United 
Railroads, mentioned the paper, the Director Appraisals for the 
city estimated that the cost the complete appraisal the property, 
which includes about 220 miles single track, would from 000 
Approximately, has already been spent, not including 
the expense sustained the company, which furnished large propor- 
tion the information. 

Probably correct present value estimates which include deprecia- 
tion may not even fairly approximated without intimate knowledge 
the particular property, and this should embody operation, policy 
management, past performance, study historical cost (as far the 
records will permit), estimated cost construction, and actual cost 
maintenance. The life piece track equipment, disregarding 
obsolescence and extraordinaries, generally depends the type and 
details construction, the service has done, and the service that will 
required it. Renewals should made when the cost repairs 
reaches certain figure, other conditions being favorable. fact 
that able engineers, intimately acquainted with the case issue, and 
employed the same property, often have conflicting ideas reference 
the life track equipment, one recommending immediate renewal 
and another advocating longer operation. 

The speaker does not intend argue against the possibility 
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placing fairly accurate values reproduction present value, but 
wishes bring out the fact that not simple the lay mind 
often led believe. Further than that, the opinion that the 


following essential for economical and satisfactory valuations for all 


(1) There should co-operation the appraisers with the public 
service property officials, including operators, engineers, and their 
records. 


(2) Present values should determined by: 


(a) Cost reproduction, 
(b) Mortality tables, 

(c) Data performance, 
(d) Field examination. 


(3) The organization for the appraisal work should sufficient 
scope, and should allowed the time and funds which the project 
reasonably requires. 

(4) The appraisers should carefully selected, the personnel 
including men who have had wide experience the particular class 
operation; and specialists should obtained necessary. 


Mr. Riggs states that the valuation should the same, regardless 
the principles issue. seems questionable consider the fair value 
which involves the non-physical value costs tax regulations. 
Certainly, the case street railways cities, where percentage 
levied the gross receipts, the non-physical valuation, only repre- 
senting present value, necessary. Again, physical present value for 
taxation should not include the value paving the street the 
strip street-railway tracks. That the street-railway com- 
pany often pays arbitrary assessment tax and keeps the paving 
repair, though way responsible for the wear, should 
cient offset any obligation for other taxes. some States this 
fixed the Courts. The physical valuation, however, intended 
used connection with rates, cost, capital regulation, should include 
the cost paving the railway strip. Referring further the question 
including the paving the physical valuation street railways, 
the case decision Tayler, Arbitrator, the proceed- 
ings between the Cleveland Electric Railway Company and the City 
Cleveland, basis renewal franchises, Judge Tayler said: 


“Paving represents actual money expended. belongs capital 
account, and its depreciated form worth all the allowance that 
have given it.” 


Also for rate-making and the capital regulation some consideration 
certainly due obsolescence and change art, while taxation 
they should not included. 


| 
7 
| . 
| F 


DISCUSSION: VALUATION PUBLIC SERVICE PROPERTY 257 


conclusion, the speaker optimistic enough believe that the 
problem physical valuations will solved satisfactorily for all con- 
cerned. Co-operation officials the public service properties, 
reliable testimony, with better understanding the Courts, will 
certainly tend clarify the situation. 
difficult determine, and their intelligent treatment will require some 
Mr. Riggs’ valuable paper will great way 
toward producing correct idea the general proportion, and will, 
doubt, assist the formulation proper methods for valuation. 

congratulated the detailed care shown the presentation 
Perhaps few engineers who have not been called 
cope with the subject valuation properties, realize appreciate 
the real complexity the many varied problems encountered work 
those who are engaged directly appraisement work, 
this paper will welcome contribution the literature the 


well-defined procedure. 


this subject. 


this class. 


subject. 


The author’s statement that commission engineers directed 
report the true cost reproduction, depreciation, present value 
certain property, the final figures should not differ, whether the 
report used basis for reorganization, sale, rate purposes, 
seems proper that, property 
appraised order fix selling price Government munic- 
ipality exercising its right purchase, the final figures should 
based current prices labor and material, because this does 
evident that the seller secures pay- 
ment for his property based current prices, may, desires, 
reinvest the proceeds the sale similar enterprises current 
prices, that thereby secures the same benefits, whether prices are 


taxation, open argument. 


injustice either party. 


high low. 


equally evident that the purchaser (the municipality) 
chooses purchase the property, the right purchase must 
exercised the particular time permitted the franchise. 
chance abnormally high that time, the municipality exactly 
par with what would compelled build its own plant 
that particular time; while, prices abnormally low, the same 
There seems, therefore, possible 
injustice either party using current prices, when the object 
However, determining proper 


relative situation still exists. 


sale transfer the property. 


value basis rates, another factor must considered. 
inexpedient and against public policy make frequent changes the 
rate charged for such commodities water, gas, electric current. 
Theoretically, the rate could fixed each year, based annual 
valuation the property, thus permitting high rate one year and 
perhaps abnormally low rate another year; but, practically, this 


Non-physical values are very 
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impossible, for, aside from the inconvenience such cumbersome 
system, community well enough informed individuals com- 
prehend any reason whatever for ever raising rates. rates 
invariably accompanied wave indignation. However, 
apparent that series rates based annual current price valua- 
tion the property would average exactly the same, during term 
years, though the property were valued once for all the basis 
the average prices labor and material for the same term 
years, and the rate based the one valuation thus determined. 

the object the valuation afford data for taxation, the 
same argument applies case fixing rates. thus seems 
proper that the object the appraisement should taken into con- 
sideration before determined whether use average prices, 


prices, material and labor; and, this correct logic, the 


final figures must differ according the object view; but, having 
determined the proper unit prices used throughout any appraise- 
ment being the most equitable for the object view, then, the 
author well says, the appraiser must not allow personal prejudices 
fancied conditions influence his course. Above all, appraiser 
must not afraid his client. must not allow his personal 
judgment swerved the latter’s desires. perhaps seldom 
ever occurs that appraiser, representing municipality, State, 
subjected this unconscious influence, inasmuch his employer 
merely temporary public official, and consequently has 
client fear. goes into the work with full knowledge that his 
employer knows little nothing the subject, and his only desire 
reach results which will unquestionably fair both parties. 

the other hand, the appraiser who chosen the owner 
plant takes hold the work with feeling that expected 
report value favorable possible his client, and this feeling 
reflected the report, regardless how sincerely conscientiously 
tries avoid it. 

One the most intricate and yet interesting problems appraise- 
ment work the computation the “going value,” “business value” 
which should allowed addition the physical value. 

considering competitive enterprise, such railway serving 
community competition with another independent railway, this 
problem must treated different way than non-competitive 
business, such gasworks, electric plant, street 
railway, similar enterprise operating under the protection 
exclusive franchise, under natural conditions equivalent 
exclusive privilege. 

considering competitive enterprises, manifest that railway 
operating under conditions more advantageous than its competitor 
possesses intangible value equal the measure that advantage. 
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not clear, however, whether more proper say that the 


railway possessing the advantage has positive going value, whether 


the less fortunate one has negative going value. Using the rule 
formulated the author, being that Professor Adams, with some 
modifications, evident that many properties would show negative 
going values; but, pointed out the author, the Courts hold that 
service corporations are entitled earn: 

(a) Operating expenses; 

(b) Expenses maintenance and running repair; 

(c) Taxes; 

(d) sinking fund cover depreciation and 

(e) reasonable profit the fair value the property. 


improbable that reasonable profit the fair value the 
property could construed mean less than the interest revenue 
from like amount Government bonds other non-taxable 

This ruling the Courts fixes the rates such figure 
preclude the possibility deficit; from which must follow that 
negative going value cannot created compulsory reduction 
rates, for such action would confiscation property the extent 
the negative intangible value thus created; that say, the 
Courts are right the above ruling, then all intangible going values 
are positive, and must determined using the most unfavorably 
situated railway the basis computation determining the ques- 
tion reasonableness rates; and the rates turn must reason- 
able and proper before they can applied determine the intangible 
value. This raises interesting and far-reaching query. Assume 
that negative going value the result real competition between 
two roads such that the “fair value” the less fortunate competitor 
20% less than its physical value. 

rates are based this valuation, are they really fair rates? 
For, suppose the rates had always been maintained point where 
the less fortunate road could just support its physical valuation. 
Clearly, rate could then enforced which would compel 
operate for less than reasonable profit the fair value its 
property, and the fair value under this assumption 25% greater 
than before, due effort its own, but simply the fact that 
its competitor has not cut rates, and has thereby preserved the original 
“fair value” the less fortunate road, and the same time increased 
its own positive going value equal amount. 

sider the existence negative intangible values, although true 
that the commercial value does fluctuate, and may less than the 
physical value, due rates which are too low, perhaps, due other 
temporary causes. 
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The method quoted from Mr. Alvord for determining going value 
applies non-competitive enterprises only, was stated Mr. Alvord 
his paper before the American Water-Works Association. This 
method open the criticism that the forecast the business the 
older works, and the new hypothetical works well, reduced 
monetary value, based the present rates, regardless whether 
not such rates are reasonable. Rates are subject legislative control 
many States, and absolutely assurance that any other 
State may not adopt legislation any time permitting regulatory 
ordinances enforced. Therefore, any forecast the value 
future business must based reasonable rates, for otherwise 
merely unwarranted estimate based fond hope. 

Taking into consideration the fact that rates must reasonable, 
either virtue present laws laws which may become effective 
any time, perhaps the immediate future, going value may well 
defined the present worth the amount which the anticipated 
profits going plant, operating reasonable rates, exceed the 
present worth the anticipated profits similar hypothetical start- 
ing plant, operating those same rates. With this conception 
going value, impossible for non-competitive property have 
negative going value, and every operating plant has positive going 
value, even though operating loss. 

The whole problem hinges the question “what the reason- 
able rate proper return,” and this should determined the 
aggregate the starting point. The Courts have persistently dodged 
the issue, and properly so, whenever that question has arisen, leaving 
for consideration each particular case, depending the stability 
the business, the hazard involved, and various other local factors. 

may safely conceded that this fair profit something excess 
the return from Government bonds, and for the purpose this 
discussion matters not what figure assumed the fair profit— 
whether 10%, what-not—the theory the same any case. 
This perhaps best explained practical illustration: 

Take, for example, water-works system, the physical present 
value which has been determined the method reproduction 
000, and denote the going value the unknown quantity, 
suppose, further, that considered reasonable return the 
“fair yet determined, the “fair value” being 
plus the going value, Therefore, the rates must such 
produce the aggregate amount equal the operating expenses, 
maintenance, taxes, sinking fund, and depreciation, and still have 
profit the fair value the property. The anticipated profits 
the going plant, therefore, are exactly ($1000000 


$60 000 perannum. The anticipated profits the hypothetical 
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starting plant will negative the start, and gradually increase, 
urD 


100 

must remembered that, estimating the operating expense 
and income the starting plant, well the going plant, the figures 
must confined rigidly the plant found the date 
valuation, and case should any account taken income 
operating expenses due probable future extensions the distribu- 
tion system. appraisers overlook this point, and predicate the 
anticipated profits the going plant the past growth the income 
account, forgetting that considerable portion this growth due 
extensions into new territory, and not any material increase 
revenue from the territory already served. include income from 
new territory the forecast income just fatal error 
include the anticipated expenditure new capital the present 
physical valuation. these procedures really estimate 
appraisement some other plant, rather than the one actually under 
consideration. 

complete the numerical illustration, suppose determined 
that the time required construct the hypothetical starting plant 
years; that portion the plant put into operation the end 
the second year, taking over fire-hydrant rental equivalent $20 000; 
that the revenue from private sources aggregates $20000 during the 
last year construction; that the expenses operation, maintenance, 
taxes, and depreciation amount during this year. After the 
time completion the plant has elapsed, has the total credit for 
fire-hydrant rental, and assumed that the revenue from private 
sources and the cost operation, maintenance, taxes, and depreciation 
increase shown Table 14, which illustrates the method com- 
puting the going value, and gives the resulting value for the case just 
stated. 

Therefore, 171005 0.25972 hence, $231000. This 
result based the assumption that the starting plant earned 
interest during the construction period. allowance for lost 
interest during construction has been made and added the capital 
account already being included the physical appraisement 
000, then this must charged back against the going value 
found above. This clearly evident, because the calculations 
determine going value date from the beginning the construction 
period, and the lost interest during construction, therefore, provided 
for the result. Most appraisers allow item for lost interest 
amounting the legal rate interest running for half the construc- 
tion period, which, the illustration under discussion, would 
$90 000; deducting this sum, previously included, gives 
the going value. 


finally reaching maximum $60 000 


per annum. 
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TABLE 14.—CoMPUTATION GOING CONCERN VALUE, BASED REASONABLE RATES. 


Operation, Total Present worth 
starting plant.| two plants. going plant. 
1st $60 000 + 0.06.c te 0 $60 000 0.062 95.2 $57 120 + 0.0571x 
. 


| 


| 
| 


Total going value 171 005 
x = $231 000 
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There seems good reason for allowing lost interest during 
construction item the physical valuation property, any 
more than for allowing all the lost interest, the time when 
the property begins yield return equal the rate interest. 
one the problems finance, and much better treated 
element the going value, shown the above illustration. 

One the most difficult factors which agree computa- 
tions this nature the element time required for the hypothetical 
starting plant acquire the business. Were not for this un- 
certainty, going value could computed with mathematical precision 
the method suggested. 

determining the physical valuation the basis cost repro- 
duction, such items cost taking and replacing street paving 
over the pipe lines, cost incurred reason sewers and drains 
encountered, interference due electric wires and conduits, inter- 
ference and other metropolitan conditions which add greatly 
the cost construction, must allowed. Wherever such metropoli- 
tan conditions exist, there must also present corresponding neces- 
sity for the use water under pressure. People use water because 
necessity convenience, and not account any feeling obliga- 
tion loyalty the water company. 

highly developed metropolitan conditions are present, new busi- 
ness will acquired the hypothetical starting plant much more 
rapidly than where such conditions are yet developed. For this 
reason the problem cannot based the early growth the same 
plant, and, there being exact duplicate conditions existence 
elsewhere, the estimate time required for the business development 
period purely speculative, and must assumed with great care and 
judgment, else injustice may done one party the other the 
resulting going value. 

interesting note that, the Michigan appraisal, the allow- 
ance percentage for contingencies was bitterly contested the 
railroads improper. Probably every appraiser who has been con- 
nected with rate cases has seen this same item strenuously insisted 
the corporations. 

The author’s query: should corporation which compelled 
abandon appliances while yet serviceable, response clamor, 
allowed any item value the appraisal account such 
appliances, seems best answered the negative. the appraisal 
for the basis making rates, the corporation fully compensated 
the fact that its depreciation account provides for all abandoned 
machinery, and the average past depreciation usually considered 
fair criterion the future. the appraisal for purposes taxa- 
tion, would seem improper levy tax abandoned rejected 
machinery equipment. the appraisal determine the present 
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value property for sale under condemnation proceedings, 
likewise difficult conceive any reason for allowing any present value 
account property abandoned rejected, and, indeed, such 
abandoned material had any value the time its removal, 
more than likely that such value was converted into cash that time. 

The statement that appraiser would justified placing 
going concern value property years old, years old, unless 
the net earnings were such indicate that the property had com- 
mercial value excess the physical property, questionable. “Com- 
mercial value” not exactly synonymous with “going concern value,” 
for, usually considered, the term “going represents the 
difference between dead structure and live one. property might 
compelled operate temporarily rates insufficient return the 
legal rate interest the physical value the property, and while 
this condition continued, its commercial value would less than its 
physical value, and yet this same property worth more while running 
than operation ceased and the business was allowed die. 


with others who have written the subject appraisals, the author 
omits consideration one the most important elements the cost 
producing the property public service corporation, namely, the 
development expense. 

Development expense the deficit “fair return” the invest- 
ment during the early years operation, while the business being 
developed point that will yield “fair return” the investment. 
Unless this development expense charged the capital account 
fast occurs each year, should draw compound interest 
the end the development period. Development expense might 
regarded part the non-physical value plant, and few 
years ago the writer regarded it. Latterly, however, has come 
see that does not differ one iota principle from “interest during 
construction,” and, therefore, properly part the cost produc- 
tion reproduction the property. During the construction 
period, interest the investment charged, and properly so, 
part the physical cost. Does this interest cease the day after opera- 
tion begins? Not whit. The owners the property are entitled 
fair interest—a “fair return”—on their money, from the day 
invested. first they receive the form “interest during con- 
struction,” which charged capital account. After operation begins 
they must either allowed earn more than “fair return” during 
the fat years following the development period, the deficit below 
fair return incurred during the period must treated 
exactly like “interest during construction” and added the capital 
account. service corporation managers have chosen the first 
these two methods, does not relieve the appraiser the duty 
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adopting the second method; for the object appraisals for rate- 
making purposes limit capital “fair return” the invest- 
ment. brief, there are “fat years,” then every “lean 
year” must credited with its deficit fast occurs. 

This, the writer concedes, radical departure from such pre- 
cedent already exists, but must not overlook the fact that 
to-day are establishing the precedents for appraisals the future. The 
whole matter valuations for rate-making purposes still 
nebulous form, far the public, and indeed, far the Courts, 
are concerned. the end will devolve upon engineers establish 
logical methods appraisal. so, they must able look 
the problem both engineers and jurists. the present, how- 
ever, this broadness vision has not characterized most engineering 
appraisers, nor wondered when the Courts themselves are 
maze. 

great deal has been heard lately about “going concern value.” 
Ultimately, the Courts will hold that, far rate-making con- 
cerned, there such thing “going concern value” the present 
meaning the term. “Going concern value,” the final analysis, 
consists two elements: First, development expense (as previously 
defined), and, second, capitalized surplus earnings. Surplus earnings 
are ascertained deducting from net earnings both taxes and low 
rate interest the investment, equivalent interest bonds. 
Many factors may affect surplus earnings; but, that “going concern 
value” consists largely capitalized surplus earnings, cannot denied. 
What are surplus earnings? The public replies that they are mainly the 
result extortionate charges. This doubtless correct many cases; 
hence, any investigation costs which has for its object rate-making 
must inevitably lead repudiation that part “going concern 
value” which based surplus earnings, the surplus all large. 
calling the result “going concern value,” and then undertake use 
“going concern value” one the factors judging the fairness 
rates. express the problem mathematically, cannot solve for 
variable when the variable allowed exist both sides the 
equation. Yet that precisely what some rate-making bodies are 
trying do, and precisely what the Courts have often attempted 
do. 

escape this confusion there but one possible step, and that 
eliminate “going concern value” entirely. must first determine 
the element cost which the writer terms development expense, and 
must regard this item part the cost reproduction. 
must next cease consider small rates interest being “fair 
return” this cost reproduction. When first-class mortgages draw 
5%, folly talk being “fair return” capital invested 
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business enterprise, especially when this figured the actual 
cost reproduction the property. may that ample 
“fair return” some cases, but others 10% will found none too 
much, considering the small size the business and the risks involved. 

The writer will not this time discuss methods determining 
how “fair return” should estimated, but, general, the process 
should follows: From the gross earnings deduct the operating 
expenses and taxes obtain the net earnings. From the net earnings 
deduct small rate interest (equivalent interest bonds) 
the cost reproduction. The remainder profit, and should ex- 
pressed percentage the gross earnings. This percentage 
profit can then compared with similar percentages made mer- 
chants, manufacturers, farmers, and other capitalists, and then can 
determined logically comparison whether not the profit made 
public service corporation “fair.” must adopt this method 
attacking the problem shall inevitably drive capital away 
from railway and other fields public enterprise. 

The writer estimates roughly that profit 10% gross earn- 
ings, above deduced, about the same direct return 
the cost reproducing the average steam railway. 

recent appraisal system, the writer 
determined the actual development expense the property, deducing 
from the accounting records. was astonishingly high sum, 
even assuming only the cost reproduction being “fair 
return.” During his appraisal all the railways the State 
Washington, for the Railroad Commission, the writer made similar 
study development expense, but this was not included his estimate 
the cost reproduction, was then regarded being part 
the “going concern value” and was not commissioned ascertain 
the “going concern” value the railways. Not single railway, 
far knows, has ever presented State Railway Commission, 
the Interstate Commerce Commission, estimate its develop- 
ment expense along the lines indicated. Instead, the railway companies 
have talked general terms long construction periods—often claim- 
ing years more—and great expense incurred building 
the business, and franchise value, and score more non- 
provable costs. The consequence that they have frequently lost 
entirely the one great item that they are clearly entitled to, namely 
development expense, which item which can absolutely proved 
from their accounting records, and, therefore, rests not the “hot 
air” testimony experts, but facts that are incontrovertible. 
like manner, other public service corporations have often signally failed 
prove the full worth their properties, because their claims for 
“going concern value” have been ignored entirely. When franchise 
expires, the “going concern value” usually looked the public 
worthless, nor this view wondered at. 
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Mr. Riggs proposes adding the physical value minus “going 


concern value,” and logical doing so, conceded that Gillette 


values for rate-making rest profits; but this the writer does not 
concede for instant. Values for rate-making cannot rest the 
very thing that aimed regulate, wit, the rates charged. 
Until engineers and service commissions and Courts free them- 
selves from this confusion cause and effect, there can rational 
theory rate-making. 

Values for rate-making must rest primarily either the actual 
costs the production property estimated costs reproduc- 
tion, including therein both interest charges during construction and 
the sequel thereto—development expense. 

almost great moment the item development expense the 
question depreciation. The author, common with most engineers, 
holds that depreciation should deducted. This consequence re- 
garding publie service plant were machine bought sec- 
ond-hand store. service plant device which intended 
perform given service forever. true that its parts are subject 
wear, and must renewed from time time; but the plant whole 
everlasting, practically so. Managers public service corporations, 
perceiving this fundamental truth, have rarely established sinking funds 
for the redemption any considerable part the plant. great rail- 
way system the renewal freight car not proportionately larger 
item expense than the renewal tooth steam shovel 
bucket owned contractor. This fact, coupled with the permanence 
the railway plant whole, has led railway owners make 
provision for return the money lost depreciation. Railway 
ties large railway system inevitably reach condition such that 
their average age exactly half the life the average tie. Shall 
sinking fund provided for ties? not, where does place 
line demarcation? When does element the railway plant 
attain condition sufficient importance warrant “writing off” 
some its value from the capital account? The facts are that railway 
managers have not “written anything worthy mention for 
depreciation, and, the writer’s opinion, they have been perfectly 
Consequently, the operating expenses have been much less 
than they would have been during the early years, had sum been 
placed annually sinking fund. Therefore, the development expense, 
deduced from the accounting records, less than would 
sinking fund were provided; and the amount this difference 
precisely the amount the depreciation. other words, deprecia- 
tion deducted from the cost reproduction, must added 
the development expense ascertained from the accounting records; 
that, the final analysis, depreciation should ignored entirely 
any appraisal service corporation where the object 
either rate-making purchase the corporation the public. One 
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qualification this statement needed, however, and that that 
the depreciation shall not have gone far enough result average 
age plant less than half the life the plant—that being the ulti- 
mate normal operating condition. 

Engineers have duty perform, making appraisal the 
sort under consideration, which judicial its character and should 
not savor the least the pawnshop. The engineer engaged 
service commission should not for instant make his object 
“beat down the price,” matter what far-fetched theory may 
effect the result. Nor are engineers inclined this, except when 
they regard themselves merely agents the public whom they 
are employed. many appraisers have yet failed 
realize that there vital distinction between the dealings that should 
exist affairs and those that actually exist private matters 
involving the purchase and sale property. the latter case, the 
buyer usually takes every possible advantage the helplessness the 
seller. the seller ignorant? See that remains so. the seller 
hard-pushed for money? Grind down the price accordingly. Does 
the seller offer goods which are bit shop-worn? Dwell that fact, 
the exclusion all else. Such are the tradesman’s arts, and such, 
the writer fears, have been the arts some appraisers public service 
property. 

The writer believes that, under one form agreement an- 
other, nearly every kind publie service can more economically 
and better performed public service corporation than the public 
itself through employees directly hired. But America not pass 
speedily into Government ownership and operation all public 
utilities, there must pronounced change attitude the part 
the public toward capital now invested service corporations. 
Even engineers, are apt unconsciously influenced our 
attitude toward service corporations, not only because the 
present attitude, but because are often put great incon- 
venience the ill-considered resistance the corporations whose 
property are called appraise for the public. Our duty plainly 
consists, first, regarding public service corporation public 
agent, and, second, allotting such values that this public agent will 
receive full and fair return for every dollar judiciously and honestly 
spent building and developing its property. carrying out this 
plan, the writer finds wise study the entire financial history 
corporation, going carefully through both the construction accounts 
and the operating accounts from the beginning. 

The desirability analyzing the actual costs construction, better- 
ment, and operation public service corporations, preparatory 
estimating the cost reproduction, cannot too strongly urged upon 
appraisers. Unfortunately, many corporations refuse access their 
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records, claim that the records are too incomplete value. 
However, when they realize that from those very records can 
deduced one the largest items cost reproduction, namely, the 
item development expense, they are certain show much willing- 
ness they now show aversion disclosing their records. 

The writer has recently completed appraisal street railway 
system, the managers which placed his disposal the entire account- 
ing and engineering records. From these the development expense was 
deduced, and forms item which can demonstrated Court, 
need be, instead being the subject unsupported “expert testimony.” 
far the writer knows, this the first time that street railway 
corporation has voluntarily opened all its books for use appraisal 
which may made public. May not one the harbingers 
far-sighted action the part public service corporations, which will 
result eventually eliminating entirely the hostile attitude the 
toward its accredited 

Reverting again, and finally, the question development expense, 
will seen, after study, that the method deducing from the 
accounting records provides for every possible item. The cost 
advertising, the cost colonization, and canvassing agents engaged 
building the business tributary the corporation, the cost 
developing efficient business organization and efficient plant— 
every possible item developing the business finds accurate record 
the development expense deduced from the accounting records out- 
lined. This may not apparent first glance, but little considera- 
tion proves so. If, for example, $20 000 has been spent annually 
for ten years advertising secure business, the operating expenses 
have been increased exactly for each the ten years. Conse- 
quently, the annual deficit below “fair return” the investment 
has been made greater each year than would have been had 
expense for advertising been incurred. other words, the deficit 
below “fair return,” which the development expense, shows auto- 
matically the amount spent for every such item advertising. The 
writer regards this automatic register development expenses 
being one the most important features his method for determining 
such expense. removes the entire problem from the realm guess- 
work and expert testimony, and makes problem engineering 
economics. involves question whether not the existing 
rates charged for freight, for any other service, are fair. 

spirit, diction, and contents, masterly presentation the best 
thought and argument, engineer specialists and the higher Courts, 
concerning this difficult subject—a presentation which only one inti- 
mately associated with the question for has been the author, 
could hope make. special interest, too, because deals 
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fundamentally with the Michigan railroad valuation, now ten years 
old, and deservedly considered somewhat ancient the evolution 
what may termed’ the logic valuation methods. The frank 
acknowledgment the now apparent deficiencies errors that work, 
notably the defective method and resulting under-valuation real 
estate, well the upholding that which still appears the 
author sound principle, are excellent manifestations the 
constructive and judicial spirit necessary the making any 
substantial contribution the art. 

Unanimity opinion matters detail, even 
specializing this line practice, cannot expected, especially 
general discussion. Details must receive their emphasis from local 
coloring and local conditions. Making allowance for these local condi- 
tions Michigan and other contiguous States—notably conditions 
population and flat topography—and remembering that the basis 
the paper railroad valuation for purposes taxation, and not 
water-works appraisal for annual rate-fixing semi-arid region 
rapid development, some other widely differing utility, seems 
the writer that the author has been singularly fortunate giving 
expression views with which specialists will for the most part agree. 

The limitations the logical application the methods suggested, 
however, are not sufficiently defined. the paper effort 
made avoid the necessity for this, and simplify the treatment 
limiting the scope the paper the following language: 

“This paper confined the methods which should 
used arriving correct figure cost reproduction and 
depreciation—it does not take questions involving the propriety 
those figures when reached. The propriety legality using such 
figures basis for assessed valuation, basis for rate-making, 

Such restriction, however, seems the writer leave the subject 
much confused. impossible judge the propriety sound- 
ness method valuation while ignoring its purpose and failing 
point out the limitations its logical application. confine dis- 
cussion consideration only cost duplication and depreciation 
properties presumably attempt avoid the difficulties 
incident the application such results specific purposes, and 
line with the frequent argument some attorneys litigated 
valuations, that the engineer must not encroach the province the 
Court having, much less expressing, any idea relative the applica- 
tion his figures the final solution. 

With this doctrine the writer has sympathy. The engineer 
essentially economist, and one more fully qualified aid, 
either directly adviser the Court, the final determination 
value for specific purposes, provided trained the construc- 
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tion, operation, and valuation such properties are under con- 


sideration. accept any less responsibility than this become 


party inferior measures leading popular misconception, and 
justified only practicable first step toward the final realization 
and acceptance the larger duty. 

All suggested methods valuation should subjected close 
logical analysis, with view their purpose. The unsuitability 
the method used the Michigan appraisal many classes appraisals 
apparent, and can readily indicated. Much space given 
justifying the appraisal all so-called non-physical elements the 
capitalization the residue net earnings after allowing interest 
the investment the physical properties. This the author refers 
Professor Adams’ method. The addition the physical the 
non-physical values, thus determined, supposed give the value 
the property whole. evident that gives, indirection, 
the same total valuation would obtained the direct capitaliza- 
tion net earnings without any determination physical values, 
per se, and, method, therefore not what purports be. Since 
value, this method, reality dependent earnings, follows 
that where rates are fixed governmental authority, with the property 
value the base, done annually California cases pri- 
vately owned water and lighting plants, the method suggested with- 
out logical application, and the property values such corporations 
must determined and justified other modified grounds. Hence 
the necessity for dealing with such elements so-called “going con- 
cern,” franchise, and other possible assets, each independently, 
usually done water-works appraisals, instead collectively, 
the Michigan appraisal. 

should made clear, therefore, that the method used this 
railroad appraisal, for the determination non-physical values, simply 
reduces the whole one capitalization net earnings, and pre- 
supposes governmental regulation rates with the value the 
property the base; and, unmodified, has comparatively narrow 
range application. 

The author seems see difficulty ahead dealing with rate- 
making this method, for says, near the close his paper: 
“There are many intricate problems connection with valuation 
for rate-making taxation which really belong these undertakings, 
not valuation,” but, stating some these difficulties, does not 
point out the impropriety determining value capitalizing that 
(earnings) which may the object the valuation determine 
and fix. 

Regulation rates governmental authority, which means their 
limitation that which reasonable and just, will probably the 
future the purpose the making most valuations the property 
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public service corporations, and methods rules for the making 
appraisals can considered being all complete fairly 
comprehensive which not meet the such end. 

capitalization net earnings determine railroad values for 
rate-fixing, whatever the process, must presuppose fair and equit- 
able rate, thus following the rate, instead the rate following the 
property value. This but shifting the difficulty; for, what con- 
stitutes fair and just rate, irrespective the value the property 
used, least difficult determination the property value, 
irrespective its earnings. Valuations, useful, must have their 
purposes carefully predetermined, that the right application princi- 
ples may made. 

Perhaps nowhere more than California has thought been directed 
along this line, for the organic law the State for thirty years has 
required the annual fixing rates for water and light companies 
official bodies, and many important cases involving rates and 
valuations large properties, chiefly later years, have been tried. 
Unfortunately, the most important and best tried these have not yet 
reached the United States Supreme Court. The result, thus far, too 
long story told now, but may said that capitalization 
earnings any form not regarded logical basis value under 
such conditions. Franchises, they exist here, are not regarded 
having value, unless from unusual “Going concern” 
value recognized, but its money measure sought through other 
channels than present net earnings. 

The author’s emphasis the necessity for eliminating the personal 
equation, far possible, commendable, but large exercise 
discretionary judgment inseparable from the process appraisal. 
The fullest investigation all pertinent facts should made. Too 
much must not expected from rules and formulas. They are educa- 
tion only. Governing principles must understood, and subsequent 
procedure the writer cannot better express than the words sub- 
stantially used former occasion:* considered the 
various factors likely influence the value any property under 
consideration, and having summarized the results, will remain 
determine the varying degrees importance and weight attach 
each, and decide, view all the attendant circumstances, what 
the amount which the company entitled receive suitable 
return. This final solution can never reduced mathematical 
formula applicable all cases. The inquiry will have established 
approximate limitations, both maximum and minimum, but there 
will then usually found remaining quite wide intervening field 
for the exercise discretionary judgment. 
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That the final result will depend some extent the personal 
ams, 


equation, does not necessity detract from its worth. only shows 
the greatness the problem, which requires for its solution the exer- 
cise faculties higher than the application mere formulas and mere 
routine, faculties which are rooted laborious thought, ripe experi- 
ence, moral worth. 

word concerning the use experts work this class: Most 
valuations grow out grow into cases law. Under the prevailing 
order, the litigants secure the services the necessary expert appraisers, 
who, the course examination, are subjected processes usually 
much better magnify than harmonize differences, and 
cloud rather than clarify issues, the detriment the record, 
the confusion the Court, and the attempted discredit the wit- 
nesses and their profession. Self-defense lead witnesses 
into undue reliance rules and mathematical formulas, direct 
means obtaining the desired result, instead aids for the final 
exercise right judgment the real value the property for 
the purpose intended, simply because easier dealing with 
attorneys justify mere mathematical processes than support 
opinion resting considerations general character, not always 
readily measureable figures. This tendency leads also under-valua- 
tions. change the process court procedure relative such expert 
evidence needed, and the influence the Profession, both indi- 
vidually and collectively, might used secure the appointment 
such witnesses the instance the Court, instead the litigants, 
the great advantage, both society and those more immediately 
concerned. 
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pleteness detail and wide range subjects general interest 
engineers, this paper certainly one the notable contributions 
recent engineering literature. minute and painstaking record 
the successful accomplishment construction work under unusual 
conditions and difficult and reflects credit 
the author, not only his capacity engineer, but faithful 
recorder facts. was particularly fortunate that was eye- 
witness the disastrous and extraordinary flood which swept through 
Monterrey, destroying many lives and much property, and has thus 
been able give intelligent estimate the maximum discharge 
the river during the height the flood wave August 27th-28th, 
1909, when the rate run-off per unit area water-shed drained 
reached amount which has seldom been equalled exceeded, far 
reliable records extend. worthy note that works deriving 
their water supply from the source such torrential floods should 
have survived with little actual damage, and with scarcely any 
interruption service. The repair all damages the system was 
estimated have cost not more than $20 000. 

Mr. Conway did not assume charge construction until May, 
1907, was spared the responsibility deciding the general plan 


This discussion (of the paper George Robert Graham Conway, Am. Soc. 
published Proceedings for December. 1910, and presented the meeting February Ist, 
1911), printed Proceedings that the views expressed may brought before 
all members for further discussion. 
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securing abundant supply pure water from sources permitting 


delivery gravity under adequate pressure for fire protection—a 


responsibility which devolved the writer, assisted Binckley, 
Am. Soe. E., Mr. Conway’s predecessor, Chief Engineer. Not 
only the water-works, but the system sewerage and sewage disposal 
broad irrigation were subsequently carried out the plans sub- 
mitted the State Government the writer 1906, and given 
provisional acquiescence that time. 

There was lack water hand for the supply city that 
size, there are large perennial springs which flow out the traver- 
tine the plain, and are used for irrigation the valley below the 
city. One the largest these, near the civic center, has normal 
flow nearly cu. ft. per sec.; another nearby, also within the city 
limits, flows some sec-ft., while both the Estancia and 
Robalar springs, but few miles below (shown Plate CLX XX), dis- 
charge more than sec-ft., nearly memory serves. Besides this 
supply, the water developed sinking shafts certain parts 
the plain, demonstrated the brewery and elsewhere, was apparently 
reliable source large volume. 

utilize these sources, however, would have involved condemna- 
tion the water-rights the case the springs, depriving present 
owners the use the water, and this Governor Reyes wished 
avoid. Besides, would have necessitated pumping the water for the 
city perpetuity, expense which the Governor was equally anxious 
save; hence gravity supply was made the prime requisite 
the plans. 

Until the concession was granted, and for year more after- 
ward, was assumed that adequate supply could only obtained 
the storage the flood-water the Santa Catarina River 
large reservoir; and the earlier plans the concessionaires were based 
the construction high masonry storage dam the upper end 
the “narrows,” where the river turns from western direction 
course almost due east, between high vertical cliffs limestone. The 
concession distinctly provided for such dam, and among the plans 
file the State Capitol one prepared the late Sherman 
Gould, Am. Soe. E., for masonry weir across the gorge. Samuel 

Gray, Am. E., also filed plan and report proposing 
capacious, shallow, storage reservoir near the city, filled 
large flood-water canal from the Santa Catarina 

Although the writer could not have anticipated the occurrence 
floods the magnitude the one August, 1909, which would surely 
have destroyed any reservoir built the was unable 
endorse the storage plan water development, chiefly because the 
uncertainty the water-tightness the reservoir cavernous lime- 
stone formation, and also because the probable impurity water 
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draining from such extensive goat pastures. He, therefore, urged the 
development the underflow the river, which was manifesting 
itself the springs referred to. Mr. Binckley secured two Keystone 
drilling machines and proceeded profile the bed-rock Santa 
Catarina and San Geronimo, the two places the stream 
where the river flows between walls rock situ. both sites the 
strata were standing nearly vertical across the channel, and, careful 
sampling and testing, was found that both locations there were 
thick strata limestone highly silicious insoluble, and 
hence free from caverns. From this determination was concluded 
that all the water which appeared the valley below must pass through 
the sections where the borings were made. The results this drilling, 
however, proved conclusively that the depth bed-rock either place 
was too great permit masonry dam being considered practical, 
and demonstrated the inadequacy methods which had been used 
the earlier investigations when dams were regarded feasible. 

The results have also shown that the subterranean supply the 
lower cross-section the river, San Geronimo, abundant, and can 
probably increased indefinite degree continuing the filtra- 
tion gallery; while Santa Catarina the same type development 
can made for high-source supply, although requiring long and 
expensive tunnel and conduit. 

Having been engaged the design sewerage systems for some years, 
the writer finds this paper peculiar interest, particularly the sewerage 
portion. There are some points the design, however, which not 
appear clear. 

The system described “strictly separate,” and yet the sewers 
are designed run half-full, providing capacity 200%, the 100% 
basis, 380 liters per capita, being 90%, 180 liters, excess 
the water supply 200 liters per capita. 

has been the writer’s practice design sanitary sewer systems 
the basis the water consumption, and assume the whole daily 
amount reach the sewer hours, thus providing capacity 
cient for the maximum wash-day flow- without causing the 
sewers run above the hydraulic gradient, which should 
placed within the pipe provide air space for ventilation 
under all 

The practice sanitary sewers run half-full good 
one when ground-water expected sufficient amount fill the 
remaining portion the sewer, but when ground-water, roof-, 
surface-water allowed enter the system, all precautions are 
taken exclude such, then the system may designed that the 
expected maximum, wash-day flow, will fill the sewer the desired 
gradient. 
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The method ventilating the sewers does not seem practicable. 
houses are principally one story, and yet the stand-pipes 
the sewers have openings ft. in. above the sidewalk. Are the 
ventilating vent pipes the house plumbing height 
balance this, will these chimneys draw the air from the house 
drains and fresh-air pipes, breaking the seal the so-called dis- 
connecting traps, thus causing the circulation air the house 
piping downward through the sewers instead upward through 
the fresh-air inlets and vents, designed 

interesting note that crude sewage, well the liquefying 
(septic) tank effluent, applied land for irrigation purposes, 
but the application crude sewage without any attempt removing 
the suspended matter, the effluent from the septic tanks where only 
partial removal seems bad practice. 

The author states that: 


“The degree purification the tanks was relatively 
portant; the object obtained consisted chiefly distributing 
the land effluent which would innocuous and clear.” 


How expects obtain such passage through 
screens, detritus tanks, and septic tanks only, more than the writer 
can understand. 

The removal suspended matter septic tank depends the 
strength the sewage, the time retention, the time elapsing between 


cleaning, the presence trade wastes, and seldom exceeds 
per cent. 


The subject septic tanks and their effect sewage discussed 
the “Fifth Report the Royal Commission Sewage Disposal” 
(England, 1908), and the following extracts, relative the application 


crude sewage land and the effect septic tanks sewage, seem 
apropos: 


“23. There are also many cases which crude sewage 
has been passed over land, but the evidence shows that land treatment 
solids the surface the land. Moreover, some cases these 
solids are apt form impervious layer, which interferes with the 
aeration the soil, and impairs the efficiency the treatment.” 

“31. that time was claimed that the septic tank 
possessed the following, among other, advantages: 

“That solved the sludge difficulty, inasmuch practically all the 
organic solid matter was digested the tank. 

“That destroyed any pathogenic organisms which there might 
the sewage.” 

regards the first these claims, now clearly established 
that, practice, all the organic solids are not digested septic tanks, 
and that the actual amount digestion varies some extent with 
character the sewage, the size the tanks relative the volume 
treated, and the frequency cleansing. 
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“At Huddersfield, Mr. Campbell estimated that about per cent. 
the solids were converted into gas digested; while 
Birmingham, Messrs. Watson and O’Shaughnessy say that the figures 
available indicated digestion not more than per cent. the 
suspended matter entering the tanks.” 

“33. regards the second claim, find result very large 
number observations that the sewage issuing from the septic 
is, bacteriologically, almost impure the sewage entering the 
tanks.” 

Messrs. Winslow and Phelps, their interesting paper, “Investiga- 
tions the Purification Boston Sewage,”* quote suggestion made 
Stoddart 

“He finds, septic tank several compartments, considerable 
deposit sludge the first compartment, giving fairly clear super- 
natant liquid, which the last chamber all undergoes secondary 
decomposition, leading the throwing down additional precipi- 
tate offensive sludge.” 

What took place the case referred Stoddart corresponds 
the author’s observations the liquid leaving the tanks clarified 
condition, but the secondary decomposition must take place some 
manner, and, when does, nuisance seems unavoidable where 
provision made care for it. 

view the experience others, some further treatment seems 
necessary. Such treatment should include disinfection, 
method disposal yet devised has succeeded reducing materially the 
pathogenic germs usually found sewage and tank effluents. 

the crops irrigated are eaten, uncooked, mankind, 
then disinfection least imperative. 


admirable paper special interest the writer, the entire general 
design the system, well the extensive hydrological studies and 
final selection the sources water supply, was completed during 
1906 through the joint labors the writer, Chief Engineer, and 
James Schuyler, Am. E., Consulting Engineer. 

this work, the writer had the rare privilege dealing from its 
inception with the problem designing complete and somewhat 
extensive system municipal water supply and drainage, unhampered 
any existing works which the new systems would have 
adapted. would probably difficult find the United States 
city 85000 inhabitants, previously totally lacking either water 
supply sewerage system, which, under consistent and harmonious 
design, has been provided with both the degree completeness and 
structural excellence exemplified works Monterrey. 

The few important changes amplifications made the original 
design, and the manner which its detail has been executed 
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naturally most interesting the writer, and this excellent paper should 
very substantial value, particularly engineers engaged 
similar work Mexico Spanish America. 

The very novel construction method adopted Mr. Conway the 
roofing the South Guadalupe Reservoir, seems the writer rather 
invite criticism, and the fact that the subsequent construction 
the roof over the rectangular Obispado Reservoir the customary 
construction was apparently reverted after 
experience with the separate-unit plan previously used, would indicate 
that Mr. Conway reached the same conclusion. 

The original design the circular Guadalupe Reservoir contem- 
plated just about the same arrangement columns and roof support 
that actually used, but the writer had expected that the columns 
would cast place, and that the system primary and secondary 
beams would filled the same time as, and integral with, the roof 
slab, the reinforcement being placed accordance with what may 
described conventional practice. The writer believes that the effi- 
ciency the concrete and steel placed this manner would 
notably higher than under the system actually adopted, which, effect, 
pretty much the same constructing the supporting system 
units cut stone. If, with all the elements structural weakness 
involved the multiplicity mortised joints, discontinuous rein- 
forcement, this construction strong enough, would seem 
that important reduction the dimensions the members could 
have been effected monolithic construction and continuous rein- 
forcement, without sacrifice strength. 

The comparison, Table the costs these two reservoirs, 
interesting, but very moderately illuminating, the comparative unit 
cost the most important element their construction—the con- 
crete—is not given. The total excavation cost for each reservoir 
practically the same, and the general expense, engineering, and cost 
fittings and accessories presumably so, but the total cost the 
Guadalupe Reservoir given $19000 (pesos) excess that 
the Obispado Reservoir, while, the latter, there were 756 cu. more 
concrete. This certainly indicates much higher cost concrete per 
unit laid the South (Guadalupe) Reservoir. actual compari- 
son the cost per unit concrete laid under the two systems would 
instructive. 

The writer interested observe that the same system sub- 
drainage used him the construction the reservoir for the 
provisional supply water from San Geronimo, has been used 
the author the Obispado Reservoir. This arrangement drains 
under the floor the reservoir San Geronimo was devised 
safeguard against damage the lining through the accumulation 
water inside the impervious bank against its back. 
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was realized that, such climate that Monterrey, perfect 
water-tightness the lining might difficult secure maintain, 
and, leaks existed, sudden draft the contents the reservoir 
might result serious damage through the static pressure exerted 
against the lining the sides upward thrust against the floor. the 
opinion, such system drains important element, not 
alone the fact but the quantity leakage may determined, and danger 
saturation the supporting bank avoided—a matter importance 
where, sometimes the case, the material such bank unfit 
resist the effects saturation. The author does not state whether not 
this safeguard was omitted the Guadalupe Reservoir. Incidentally, 
however, the matter saturation the bank not important 
either reservoir, the material which these banks are constructed 
such that settlement failure through saturation out the 
question. may remarked, however, that fixing the angle 
the sides the Guadalupe Reservoir 60°, the writer contemplated 
the same system constructing the bank used that the 
San Geronimo Reservoir. this case, the bank was built 
spreading the material thin layers, wetting down, and rolling and 
puddling the passage the ox-carts used for the transportation 
the material, the wheels the carts, and especially the cloven hoofs 
the animals, producing most excellent effect. The inside slope 
was built this fashion much lower angle, and with top 
width considerably excess the finished dimensions. The excess 
material was then picked off the line, and exactly the slope. Thus 
the finished slope presented surface which was compacted degree 
impossible attain near the surface the bank built, and 
presenting support the best possible character for the concrete 
lining and coping. 
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CHARLES CYRUS KING, Am. E.* 
Diep January 1911. 


Charles Cyrus King was born Bellmont, Franklin County, 
Y., October 2d, 1845. entered Cornell University 1871 
and was graduated the course Architecture 1875. Like other 
self-reliant and resourceful men his day, worked his way through 
the University, and, spite this handicap, was graduated with high 
attainments Architect. Among Cornellians will most 
the Rowing Association American Colleges Springfield, Mass., 
1873, and also the regattas 1874 and 1875, Saratoga. 
Mr. King’s first work after graduation was with the Sailors Snug 
Harbor, Staten Island, and the noteworthy buildings classic 
architecture which were erected during his connection with that insti- 
tution stand lasting monuments his memory and attainments. 
1886 became one the original incorporators the 
Hunt Company, Staten Island, and since that time has been 
Director and also Chief Engineer the Company. Although 
Architect profession, his profound and deliberate mind made him 
Engineer unusual ability, whose judgment was highly valued his 
Company, and was the midst his usefulness and mental vigor 
when died. 
Mr. King was modest and retiring, fault, but his close friends 
and those who had the privilege meeting him home will always 
remember his charm character. designed and built his artistic 
home, and enjoyed for eighteen years with his devoted wife who 
survives him. 
His funeral, held the family residence, West New Brighton, 
Staten Island, 2.30 M., Sunday, January 15th, 1911, was 
attended old comrades and business associates who took this last 
opportunity expressing tenderly possible their love and 
admiration for departed friend. 
Mr. King was elected Member the American Society Civil 
Engineers September 2d, 1891. was also Member the 
American Society Mechanical Engineers. 
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SAMUEL McMATH ROWE, Am. E.* 


Diep May 1910. 


Samuel McMath Rowe was born Dearborn County, Indiana, 
February 8th, 1831. went Salle County, about 1842, 
and lived the place where the Town Sheridan now located. 
Prior the Civil War was Surveyor and about the same 
locality. 

1868 located the line what was then the Ottawa, Oswego, 
and Fox River Valley Railroad, and 1869 and 1870 was member 
the firm Rowe and Jackson which was engaged the work 
constructing that line. 

1872 Mr. Rowe became associated with Dr. Zearing the 
firm Rowe and Zearing, which was engaged the construction the 
Texas and Pacific Railway, from Dallas, Tex., eastward about 
Longview. 

1874 this firm was awarded the contract for the construction 
railroad bridge across Trinity River, for the Texas and Pacific 
Railway Company, Dallas, Tex., and also extend the track 
miles west thereof. the summer 1874 the firm moved Sherman, 
Tex., and commenced build the Trans-Continental Line the Texas 
and Pacific Railway, laying point about miles east 
Sherman. Moving Texarkana, they continued the line westward, 
connecting with the part they had already built. 

1875, Messrs. Rowe and Zearing were employed the construc- 
tion the Orleans and Railroad. 

Somewhat later, about 1878, Mr. Rowe was engaged the Santa 
Road, connection with track-laying, near Florence, Kans. 
the latter part 1878, was retained Engineer Charge 
Water Service the New Mexico Extension the Santa Road 
from Junta south, which position remained until about 
1880 1881. 

1882 Mr. Rowe was appointed Resident Engineer that rail- 
road, with headquarters Las Vegas, Mex., and while acting this 
capacity 1885 was put charge the construction and operation 
the timber preserving plant that place. This was the first im- 
portant plant this kind the United States. 

Early 1887, was appointed Chief Engineer the Atlantic 
and Railroad, and while holding this position, the “Red Rock” 


Cantilever Bridge across the River The Needles, California, 
was built under his supervision. 
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1891 Mr. Rowe moved Chicago and organized the firm Rowe 
and Rowe, Consulting Engineers, the firm consisting himself and his 
son, the late Robert Rowe, Am. 

From 1891 until the time his death, Mr. Rowe was engaged 
work connected with the preservation timber; and his “Handbook 
Timber Preservation” the result some twenty-five years 
and exhaustive study and practice. labored perfect the 
methods and appliances the process, studying many principles con- 
nected with the operation timber preserving. His business was 
design and install timber preserving plants, making the plans and 
specifications, supervising the construction, and inspecting the work. 
Twenty-seven plants have been built, for which either furnished 
plans and specifications had supervision the installation, and 
most cases both. His work this line for the most part was done 
for the various railroad companies the United States and Mexico. 
was also employed the United States Government the 
Expert the Forestry Service, devoting part his time 
the work during 1905, 1906, and 1907. 

was associated with Waddell, Am. Soc. E., during 
the construction the South Halsted Street Lift Bridge over the 
South Branch the Chicago River, which was completed about 1894, 
and the preliminary work the Northwestern Elevated and the 
Union Loop Elevated Railroads, Chicago. 

Mr. Rowe made careful study the subway question, and did 
considerable work connection with the subway and harbor enter- 
prises Chicago. Later, became Director and Officer the 
Chicago Subway Arcade and Traction Company, and was connected 
with and active this company the time his death; fact, 
attended meeting the company only day two before his 
final illness, which lasted about ten days. 

Until the time his death, Mr. Rowe was exceedingly active 
man, and took part many business affairs. was actual witness 
the wonderful growth the City Chicago from town few 
thousand inhabitants metropolis about two and one-half million 
people; and always took active interest in, and had thorough 
understanding of, the civic problems which confronted that city. 

Mr. Rowe had many warm friends the Engineering Profession, 
and also outside it, who appreciated him for his sterling honesty 
and genial kindliness. was good citizen, devoted husband and 
father, and thorough and painstaking engineer. 

died pneumonia May 22d, 1910, the advanced age 
seventy-nine. 

Mr. Rowe was elected Member the American Society Civil 
Engineers September 2d, 1885. 
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ARTHUR KEDDIE MACFARLANE, Jun. Am. Soe. E.* 


Diep 1910. 


Arthur Keddie Macfarlane was born Beckwith, Cal., July 
19th, 1887. His parents were Donald and Kate Leggett Macfarlane. 
was named for Arthur Keddie, the first Chief Engineer the 
Western Pacific, who sometimes spoken the “Father the 
Beckwith Pass and the North Fork Transcontinental Railroad Route.” 
seems have been coincidence that the youth thus named should 
have shown interest the Engineering Profession. His early life 
was spent Beckwith, and later period Oroville, where was 
graduated from the Oroville Union High School 1905. 1909 
received the degree Bachelor Science from the College 
Engineering, University California. 

Like many Western students, spent some time practical work 
before and during his college period. early 1903 was with 
the location survey party the Western Pacific. succeeding years, 
for three different summer seasons, held various positions survey- 
ing parties working along the Feather River and across the old 
Salt Lake Desert. 

his graduation from the University, May, 1909, Mr. 
lane accepted position with the Benicia Iron Works, Benicia, Cal. 
His ability was promptly recognized this company, which sincerely 
mourns his loss and has given uncertain testimony his faith- 
ful and efficient service. his unfortunately short career distinctly 
showed ability work with other men gain their respect and confi- 
dence, whether they were his superiors his subordinates. His 
employers state that was admired and respected everybody con- 
nected with the Benicia Iron Works. This quality certainly would have 
helped him speedy success. 

For the Benicia Iron Works designed series saw-tooth roof 
mill buildings steel frame with covering metal lath; 
later, had responsible charge their construction, also the 
installation machinery. the time his death had about 
completed plans for system handling work quickly and efficiently 
the shops and yards. felt his responsibilities; was always 
hand, and anxious see things ahead. times had difficulty 
getting efficient labor. This influenced him compete with his men 
spur them and interest them the construction. was this 
zeal, one sense, that may account for his accidental death, for was 
during the performance his duties Superintendent the works 

that the accident guy wire hoist had become entangled, 


Memoirs. MEMOIR ARTHUR KEDDIE MACFARLANE 285 


and all his men being otherwise employed, Mr. Macfarlane attempted 
free the wire himself. loosened with jerk sufficient throw 
upon live wire the Bay Cities Power Line which ran near wall 
the building. current 1200 volts passed through his body. 

The young engineer can afford learn lessons from this man. 
the field and shop always necessary exercise care. the other 
hand, must prompt and ready meet danger, for engineer can 
successful who equipped with theory and office room experience 
alone. must learn understand his workmen. must appreciate 
the qualities the materials uses construction. must under- 
stand processes manufacture and machine installation. Such 
things can study best the field, the trench, and the workshop. 

the University California Mr. Macfarlane made enviable 
reputation student, but particularly man. was officer 
the Student Civil Engineering Association, and his sophomore 
year was President his class. received other marks distinction 
from his fellow students. These indicate the temper the man. 
was high-minded, straightforward, and honorable. took keen 
interest his University, and remembered after left his Alma 
Mater. Unlike some engineering students, was student litera- 
ture and broadly read. several terms was President the 
Calimedico Club, one the student organizations which California 
represent the Eastern Dormitory Institutions. 

Mr. Macfarlane was elected Junior the American Society 
Civil Engineers October 5th, 1909. 
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THE PRESENT-DAY PUMPING ENGINE FOR 
WATER-WORKS. 


the development the modern water-works pumping engine, 
the refinement tools, reduction cost manufacture, better and 
more appropriate designing, more efficient and economical shop manage- 
ment, have gradually led higher and higher steam economy with 
lessened first cost. The commercial element has interfered more 
less with the professional; nevertheless the general results show 
marked improvement during the past twenty years. With the larger 
plants, more specialty designing suit the conditions would 
have produced better results. the older and wealthier communities 
there growing conviction that low first cost not the paramount 
consideration, while low cost maintenance and high economy 
fuel are. The commercial pumping engine for water-works purposes 
has been brought high level, and has been divided into four 
distinct types, each suit conditions imposed, including pressure. 
quantity, location, first cost, fuel, maintenance, etc. These types, 
and rather close approximations cost under average conditions, are 
follows: 
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aND APPURTENANCES, PER MILLION GALLONS 
Hours 


(1) Compound-condensing, low-duty engines, hori- 
(2) Low-duty triple, condensing, horizontal...... 2800 
(3) Cross-compound, condensing, horizontal...... 3300 
(4) High-duty triple, condensing, vertical........ 800 


The first and second are non-rotative “direct machinery, 
and the third and fourth are the crank-and-fly-wheel type. The 
figures not include anything for buildings, land, chimneys, wells, 
boilers, ete. 

The cost boilers with mechanical stokers, feed-pumps and 
appurtenances, steam piping, and minor details—everything ready for 
service under average conditions—would covered $20 per boiler- 
horse-power. 


impossible include all plants, therefore these averages are 
based on: 


Total water load against the plungers, lb. per sq. in., 
head 207 ft., including suction and friction; 

Actual evaporation the boilers under working conditions, 
water per pound coal, with feed 150° and with coal 
per net ton 2000 

Steam pressure throttle valve engine, lb. gauge, for low- 
duty compound; 125 lb. gauge, for low-duty triple and cross- 
compound; 150 gauge, for high-duty triple; allowance 
lb. above the pressures given for boiler pressures. 


The desire often expressed for schedule, rate cost, price 
pumping engines, but very difficult matter make price 
list any certain time, which will reliable beyond approximate 
guide for estimate. Although the water-works pumping engine has 
been brought largely commercial basis manufacture and sale, 
the conditions under which must operate are special for the location 


where wanted, and all prices pertaining specially defined contracts 
are more less changeable. 
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About January, 1899, prices all sorts material began rise, 
and 1901 were higher point than for several years. the 
spring 1904 downward tendency developed, and coke ovens 
Western Pennsylvania were shut down. Pig iron began decline, 
Portland cement fell off decidedly price, steel products were lower, 
and cast-iron water pipe was $23 per ton; but, the 
the same year (1904); the drooping markets again strengthened, and 
advanced steadily until the summer 1907, when cast-iron pipe was 
$34 per ton, steel products were high and hard get, and 
orders were booked for year ahead. 

1900, attempted letting, the City Cleveland rejected all 
bids for pumping machinery because the prices asked were prohibitive 
The needed pumping engines were bought two years later much 
better figures for the city. Based the low figures 1896, the 
record prices for pumping machinery varied follows: 


(A) Bottom figures 1896 represented by....... 100% 
118% 
(D) Figures the summer 1907.............. 155% 
Comparatively recent 115% 


Thus will observed that the best attempt can only result 
fair average, according the labor and material markets, and also 
depending the state the shops bidding the special work 
question. When shop “hungry for work,” bids will low; but 
when “full with work,” bids will high. shops not 
strike the tide the same stage and the same time, hence there 
certain amount “irregularity” the market, with strong 
weak undertone, the case may be. 

The higher steam pressures, which hand hand with greater 
steam economy, also changed ideas boilers, brought greater horse- 
power per boiler enlarging the units, and led restricting the 
dimensions the boiler plant. the long run, and among the 
many plants built, the boiler for high pressure, made small 
diameters parts, the unit principle, economizes space, buildings. 
initial cost large powers, and other important items, very satis- 
factory degree. Under present circumstances unit capacity, cost 


construction, convenience and economy operation, together 
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considerations buildings and space required, the water-tube 
boiler, fitted with automatic stokers and damper regulators, takes the 
lead general steam generator for water-works pumping plants. 
The practical relation between the economic duties pumping engines 
and the amount boiler power required, may illustrated 
Table the measurable amount boiler power being indicated 


taking sq. ft. heating surface for each boiler-horse-power. 


Boiler- Boiler- Boiler- 
pounds power per pounds per power per power per 
dry steam. borse- dry horse- dry steam. orse- 
000 000 120 000 000 0.55 165 000 000 0.40 
50 000 000 1,32 | 125 000 000 0.52 170 000 000 | 0.39 
60 000 000 1.10 | 180 000 000 | 0.51 | 175 000 090 | 0.38 
70 000 000 0.94 135 000 000 | 0.49 180 000 000 | 0.37 
80 000 000 0.838 140 000 000 | 0.47 | 185 000 000 | 0.36 
90 000 000 0.74 145 000 000 0.46 190 000 000 | 0.35 
100 000 000 0.66 | 150 000 000 0.44 195 000 000 | 0.34 
110 000 000 0.60 155 000 009 0.43 200 000 000 | 0.33 
115 000 000 0.57 160 000 000 0.41 
| 


Table based the fact, repeatedly demonstrated, that good 
ordinary practice, sq. ft. heating surface will evaporate 
water per hour, from 150° (temperature feed), into steam 150 lb. 
gauge pressure. Therefore sq. ft. will evaporate lb. water 
above, and this amount evaporation taken boiler-horse-power. 

This good basis, and safe most cases; but, any time 
caution any special reason should suggest increase heating 
surface, any desired percentage increase may readily added 
without disturbing the relations the different rates economy. 
For example: should decided that lb. water per sq. ft. 
heating surface per hour all that would safe reckon on, 
then 20% added the boiler-horse-power Table would provide 
for such case. Or, extremes, was thought that 
water per sq. ft. heating surface per hour was the limit, 50% 
added the figures Table would meet the demands for boiler 

With boilers properly constructed and arranged, however, 


Table will answer all reasonable purposes. 
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The limits steam economy the pumping engine are about 
reached, both theoretically and practically. The modern duty record 


TABLE Recorp per 1000 Dry STEAM. 


Year. Duty, foot-pounds. Year. Duty, 
1893 154 048 700 1900 178 497 000 
1895 157 843 000 179 419 600 
1898 167 800 000 | 1906 | 181 068 605 


1900 168 582 800 


The leading type vertical, triple-expansion, condensing engine, 
with outside-packed plungers, mostly the crank-and-fly-wheel type. 

the early days the pumping engine the tendency toward 
size was not realized, nor what tremendous capacities the 
pumping units would reach; but the view clearer now, and there 
good reason for straying too far afield search the appropriate 
line follow. not easy forecast what developments may take 
place; but, with the analysis coal, full knowledge the heat 
possibilities demanded the steam the working pressure, the 
efficiency the boilers, clear idea the laws steam expansion, 
and with the types the most efficient pumping engines practically 
fixed, evident that some radical departure must made defeat 
what known the present time. 

Table gives example how methodically the cost plants 
built the unit basis may determined. some cases these figures 
may too high and others too low; they are closely approximate, 
and enough the data are based records fairly insure the figures 
the table safe for practical use making estimates. However, 
the table close that would taking chances for engineer 
contractor guarantee the production results for the figures 
named, without investigating each case itself. The work con- 


templated for the best type modern, triple-expansion pumping 
engines, and high-pressure boilers. The buildings are assumed 
good design and quality; brick, stone where stone cheap; 
the roofs steel-trussed and slate-covered; the chimneys adequate; and 
the intakes properly proportioned and thoroughly screened. The cost 
given includes everything except the land. 


Papers. WATER-WORKS PUMPING ENGINES 
TABLE 3.—Cost STATIONS. 


Pressure water Cost plant, per Pressure water Cost plant, per 
load pumped million gallons load pumped against, million gallons 
pounds square| capacity, including pounds per capacity, including 

inch reserve. 


250 
750 
000 

000 


There are cheaper classes pumping engines, but they are neces- 
sarily lower economic efficiency, and therefore require more boiler 
capacity, more coal storage, and other incidentals which, when balanced 
up, will tend keep the figures about the same. cheaper and less 
durable building may used, but the long run this will need more 
repairs, which when capitalized will bring the account fully the 
figures given and most likely exceed them. 

possible that the cost equipping pumping stations 
for water-works will increased much account higher type 


steam machinery, because evident that the top limit has just 
about been reached, with the record little more than 181 000 000 ft-lb. 
per 1000 steam. Ten years ago nearly touched the 180 000 000 
mark; and gain 0.8 ten years, with every nerve strained, 
eloquent evidence the top limit. The Mariotte curve about the 
nearest approach perfection possible for the steam engine accom- 
plish, expressing the relation between the work done and the amount 


steam used. the terminal pressure taken expressing the 
steam used, and all the steam accounted for the diagram, then 
somewhere the immediate neighborhood 180000000 duty, with 
96% mechanical efficiency the machine, will the resulting figures, 
with reasonable amount steam used the jackets and re-heaters 
charged against the account. 

there were necessity for the use steam-jackets, jacket 
steam, the figures would approach 200000000 rather closely, and 
superheating can save jacket steam, and vitalize the working steam 
the the latter figure may reached the near future, 
far the official test concerned. This pleasing result may have 
obtained, however, the use surface with com- 
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paratively small air-pump, and this type condenser may require 
more maintenance account than the jet form; and the superheat may 
have obtained the cost coal. 

the steam turbine can step forward this stage the per- 
formance, and show something better the matter water sent 
the hill proportion expense incurred, now the proper time 
so. This would something change the pumping 
station, although far present evidence goes, the change will 
the direction smaller engine-houses and larger boiler- and 
coal-houses. The only claim sight for the steam turbine pump 
work lower first cost, being evident, thus far least, that 
cannot compete steam economy with that form the 
ing engine used pumping water for public supply. Whether the cosf 
construction the steam turbine and centrifugal pump plant will 
materially less than that reciprocating plant, when all 
culties are overcome and the turbine machine brought what 
must eventually be, time only will The writer present 
investigating the turbine proposition and 
practical water-works factor, but not ready yet declare 
results. 

Unless something develops which not yet view, the ideal 
turbine pumping engine will steam turbine driving centrifugal 
pump, all mounted the same frame bed-plate. There are con- 
flicting conditions accompanying the combination the steam and 
water turbine the same machine, and very much the same 
old story learned the reciprocating engine—the demands 
highly elastic fluid one end the machine and very stubborn 
and practically non-elastie fluid the other. reciprocating steam 
engine can live give good economy under the high rotative speed 
required for direct connection centrifugal pumps under the ordinary 
heads pressures demanded the average water-works, that 
direct-connected reciprocating steam end, and centrifugal water end 
are practically impossible. The direct-connected steam and water 
turbine has been used small with doubtful economy, and 
being attempted large where fuel cheap, with what 
all-around success remains seen. looks like the old con- 
troversy between low first cost with large fuel bills, and higher first 
cost with low fuel bills. 
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Plants equally constructed and with equally low repair and mainte- 
nance accounts can have advantage over each other excepting 
the matter fuel economy; and the lessened quantity coal 
bought the real foundation which base increased invest- 
ment the plant. There are only two important items which grow 
less higher duty, and these are the coal account and the fixed 


charges the boiler plant. else increases with higher 


duty, excepting the wages account for equal capacities, and this 


remains least much with high with low duty, excepting with 
the large high-duty triple engines, and with these the wages are some- 
what less the fire-room account the lessened quantity coal 
shoveled proportion the pumping. 


The items for and against the high-duty pumping plant are: 


Maintenance account for Maintenance account for 


machinery. boilers. 
Interest machinery. Interest boilers. 
Oil, waste, packing, ete. Sinking fund for boilers. 


Sinking fund for machinery. The coal account. 

ascertain which type and class will pay best buy, requires 
comparisons and which for thought and care, but 
which may readily enough made when the conditions the con- 
templated plant are clearly laid down. The fixed charges against 


pumping machinery and boilers are follows: 


ENGINEs: 


Oil, waste, packing, and small repairs............. 

Oil, waste, packing, and small repairs............. 


Total fixed charges............. 
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The reason for the difference the sinking fund account, 
between vertical triple machinery and all other forms, that has 
become evident that the vertical triple type pumping engine will 
probably not replaced obsolete any the other types, but 
the other types will eventually give way the vertical triple. Under 
these circumstances, when the vertical triple properly built, its 
life taken 334 years, and that all the other types years; 
representing, respectively, and 5%, make the sinking fund 
100% the time specified. 

The fixed charges against the boiler plant are follows: 


Maintenance account 


Even when the cost coal $1350 per year for each million 
gallons water pumped per day, the total coal bills not amount 
very much for 2000000 3000000 gal. per day; but when the 
quantity gets toward 10000000 gal., the figures are more important. 
The larger triple-expansion pumping engines the reciprocating, dis- 
placement type, pump 1000000 gal. per day with $625 worth coal 
per year for the best records, and $900 ordinary good record; 
while $1350 about the best steam-turbine pumping record, far 
the writer can learn. looks though the great struggle keep 
down the capital account the turbine outfit must 
abandoned, far water-works service concerned. 

high peripheral velocity what the steam turbine needs, 
may necessary increase its diameter meet this demand, and 
thus reduce the rate revolution meet the demands the 
centrifugal pump. obtain the greatest possible effect the steam 
turbine, the expansion and velocity discharge the steam, would 
require velocity periphery quite beyond practical limits, 
centrifugal interferes this direction. the other hand, 
the peripheral velocity the runner the centrifugal pump should 
somewhere the neighborhood the velocity jet water 


under the pumping head, represented the well-known formula 


\/2 gh. 
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These are two conflicting conditions which must met any 


material economy obtained this form pumping apparatus. 
Attempts compromise are frequently made accommodating the 
steam turbine work, and then reducing the diameter the pump 
runner keep down its rim speed something like the equivalent 
velocity falling bodies from the height represented the water 
head pumped against. This practice results direct loss 
mechanical efficiency the smaller pump against larger pump 
lower rate rotative speed. 

Within its limitations, the centrifugal pump ideal machine 
for lifting water; which means that must designed and con- 
structed for known positive conditions, the best results are looked 
for. constant speed, for considerable range capacity, 
often found water-works, for varying head—very frequently 
found the Middle West, where domestic and fire service are com- 
bined the same apparatus—it inefficient and unreliable. Even 
stand-pipe work, Schenectady, Y., the centrifugal pump 
proved total failure, and that city now seriously contemplat- 
ing the construction reservoir for the relief these pumps; and 
there are others. 

The centrifugal pump sends the water centrifugal force, from 
the center toward the outside, and the main principles followed 


designing are the prevention of: 


(a) Sudden changes water velocity, 
(b) Sharp changes direction flow, 
(c) Unnecessary friction losses. 


With steep vane there required less number revolutions 
per minute; with flat vane there required higher number 
revolutions per minute, the same work. The above-mentioned 
formula gh) gives average result feet per second 
the peripheral speed the runner; the actual results depend the 
angle the vanes and the width the impeller. 

ease practice, which has just come hand—the figures being 
taken from the annual report the operation water-works plant— 


will the point, comparisons between displacement and centri- 


fugal pumps practical water-works service. The data are 


follows: 
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Pumpage per day..,............. 9000000 gal. 
Head against displacement 207 ft. 
Head against centrifugal pumps. ft. 
Cost centrifugal pumps........ 
Cost displacement pumps...... 
Cost fuel used for both plants... 1.25 per net ton. 
Cost ror Pump 1000000 207 Fr. 


Difference favor displacement pumps.. $3.21 


The difference cost fuel per annum 9000000 gal. daily 
pumpage, against 207 ft. head, favor displacement pumps, 
amounts which means that the economic duty the dis- 
placement machinery 1.96 times that the centrifugal, the ratio 
between cost per million gallons 207 ft. high, $6.48 and $3.27. 
shown the coal account given. may noted passing that 
the mechanical efficiency the displacement machinery 98%, and 
that the centrifugal machinery 65%, which corresponds with 
the results found general practice along these lines. 

The gas engine water-works pumping power entirely un- 
developed anything like the which will have reach 
seriously considered fairly large schemes pumpage. There will 
found great variation gas production from different kinds 
coal, and there likely much variation the genera- 
tion steam from different fuels. practical fact, the power 
developed gas engine cylinders will found lessen con- 
siderable elevations above sea level, certain proportion diameter 
account the diminished atmospheric pressure and 
consequent diminished quantity oxygen per unit air. For 
example: Gas engines 100 b.h.p. are scaled down h.p., with 
fixed size cylinder, under guaranties made for Denver, against 
the operation the same engine near sea level. 

Developments along the line gas-power pumping 
works are going on, and good results economical and reliable gas 
production, easy manipulation, will one the improvements 


the future not very far away. The large gas engine available for 
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water-works pumping has not yet come the front, and there are 
certain adaptabilities necessary made—in regard speed, for 
example—which complicates the problem more less. There are now 
many small plants for pumping, where the gas engine fits very well, 
but there are some incidental items aside from fuel economy which 
have weight small plants, but which would not considered 
large pumping plant. The small steam pumping plant extravagant 
fuel, while the small gas plant practically economical the 
larger ones, and although the application steam power pumping 
more direct than with gas, the great fuel economy the gas-power 
apparatus enables operate profit much lower mechanical 
efficiency than the steam machine. For example: small gas engine 
geared triplex power pump may result total mechanical 
efficiency 75%; then, the engine and producer give out brake- 
horse-power for lb. coal per hour, the coal per pump-horse-power 
will The small steam pumping plant with mechanical 
efficiency 94% requires not less than coal per pump-horse- 
power-hour, and doing pretty well accomplish this. 

The indicated power with steam and the brake power with gas may 
taken equal terms the larger plants, but the direct applica- 
tion power with steam and the indirect application with gas, 
expressed mechanical efficiency 95% for steam and 75% for gas, 
shows why the gas cannot compete the larger units the present- 
day pumping plant until some more direct application its power 
pumping can made. the smaller and more wasteful steam plants, 
although the mechanical efficiency holds very high, the steam 
economy low, for the reason that the smaller quantity water will 
not justify the cost and complication which with extreme high duty, 
but which pay larger Under these circumstances, the gas 
plant shows advantage because its coal economy just about good 
the larger units under practically uniform mechanical efficiency. 

The mere recording various statements economy coal per 
power unit does not tell the entire story, will shown the 
analysis data. For example: Confining the comparison for the 
moment steam pumping plants, the writer has two records; one 
1.02 lb. coal per indicated-horse-power-hour, and the other 1.98 
Both were obtained nearly could under similar condi- 


tions actual water-works pumping. The fuel calling for 1.98 
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slack coal $1.50 per net ton; and the fuel calling for 1.02 lb. 
anthracite coal $4.50 per net ton. The analysis the two fuels for 


heat units complete combustion follows: 


Heat units developed the slack........ 11000 per 
Heat units developed the coal......... 14000 


the case the slack coal, the buyer obtained 146000 heat 
units for cent. the case the anthracite coal the buyer obtained 
000 heat units for cent. The plant consuming the slack coal used 
363 heat units per horse-power-minute, while the plant with the 
anthracite coal consumed 238 heat units per horse-power-minute. The 
efficiency the boilers was 70% with the slack and 80% with the 
anthracite. This, reduced work demonstrated indicated horse 
power, gives 200 000 ft-lb. for cent for the anthracite and 805 680 
ft-lb. for cent with the slack, with the efficiencies the boilers 
equalized; and this shows that difference 3394320 ft-lb. for 
cent existed the difference steam economy the two engines. 
The engine with the slack fuel gave 130000000 ft-lb. per million 
B.t.u., and that with the coal gave 163 000 000 ft-lb. per million B.t.u., 
further demonstrating the difference steam economy the two 
machines. The gain foot-pounds for cent with the engine 
using anthracite coal over the other 34%, and the gain the 
heat-unit basis favor the anthracite coal engine 26%, which 
indicates good judgment putting enough investment into the 
engine, boilers, and fuel obtain good results. engine with 
the coal fuel cost $4166 per million gallons capacity per hours; 
and the engine with the slack fuel cost $4083 per million gallons 
capacity per hours. This price per million gallons does not include 
foundations and appurtenances, that the per million gallons 
for the vertical triple pumping engine large size given earlier 
this paper fairly well checked, the latter figure includes every- 
thing the engine-house belonging the machinery. may 
some interest know that the two pumping engines which have just 
been compared were different builders. 

The present high type water-works pumping engine apparently 
cannot improved any material extent principle, that the 
very best that can expected extremely small increase 


economy secured improved construction. very probable that 


. 
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increase fuel economy from 12% can gained many 
steam plants the use superheated steam. Some think this too 
low figure for the gain superheat, but must not forgotten 
that many the good records for superheat have been made where 
engines and boilers only fairly good economy are use, whereas, 
when the best type pumping engine supplied with superheated 
steam, the application then made steam machinery the very 
highest class, where all the steam refinements can operated the 
best advantage, and where multiple expansion, steam-jackets, re-heat- 
ing, are used under the very best conditions reduce internal 
losses and condensation extremely low point. pumping 
engine the Boston high-service station Chestnut Hill Reservoir 
has 30000000 gal. per hours, and has the 
following data its credit: 


Duty per 1000 dry saturated 

steam (no superheat)............ 178497000 ft-lb. 
Duty per 1000000 163925000 
Duty per 100 coal.............. 173 869000 
Dry saturated steam per indicated horse 

Coal per indicated horse power per hour. 1.06 


horse power per minute........... 188 


the duty for this engine, with dry saturated steam, should 
increased 12% superheating, will read 199 916 640 ft-lb., which 
about 000 above the highest record with the use superheated 
steam. The highest known duty per 1000 dry saturated steam 
—in round numbers 181000000 ft-lb—would 
ft-lb. with 12% which considerably above the superheat 
results thus far obtained. 

the present-day pumping engine, the steam-jacket system has 
been modified somewhat from the earlier practice, and brought 
high state efficiency keeping the heat the jackets close the 
point, where the greatest good will done with the least 


loss from useless internal radiation. The distribution the steam 


now very satisfactory, and the waste room clearance the 
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cylinder ends brought down surprisingly low terms the better 
arrangement valve gear and steam ports. 

there any waste heat the smoke-flues uptake the 
boilers, re-heaters for the receiver steam can provided, and this 
steam can made vehicle for the transportation heat now getting 
away the chimney back the engine, and there made work. 
This special the engine, beyond its providing facilities 
for the use such heat the boilers are allowing escape; but, 
the practical operation the plant, will reduce the coal account 
turning into useful work some the heat combustion not 
absorbed the boiler heating surfaces. not entirely clear why 
more this practice flue re-heating has not been done; cer- 
tainly old enough idea, long known. the Pawtucket pumping 
engine, small built George Corliss 1878, 
flue re-heating was successfully used. This engine gave duty 
133 000 000 ft-lb. per 100 coal. 

The quadruple-expansion pumping engine, with its additional steam 
cylinder, resulting either tandem arrangement, abandon- 
ment the three-plunger design favorable uniform hydraulic 
effects, has great future before it, and will probably never come 
into water-works service. With the steam expansions practi- 
cable with triple machinery possessing such admirable mechanical lines, 
and with the conversion heat into work about the practical 
limits, there seems room for the quadruple-expansion engine. 
The only prominent attempt this direction thus far made found its 
way the scrap heap after short lease life. 

Some, who are not familiar with pumping engines work, rebel 
the idea triple-expansion engines with aims economy; but there 
are other items, aside from the particular method handling the 
steam, and among them the fact that the distribution water into 
force main from three plungers has never been surpassed, and probably 
has never been equalled. addition that fact, the triple-expansion 
pumping engine holds record for economy steam far ahead 


compound machinery. nearly all cases compound would have 


fitted with two double-acting plungers account pulsations 
the mains; horizontal engines would rather limited capacity, and 
vertical machine would objectionable very 
serious extent. 
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1878 the direct-acting, non-rotative, compound, condensing pump- 
ing engine held the front line, and successfully disputed the field 
with the several odd and unrepeated forms the crank-and-fly-wheel 
machine which that time aimed high steam economy. For years 
the direct-acting engine, all-around better proposition, held 
sway, and its durability and reliability machine for pumping 
water for public supply have never been excelled. Gradually, however, 
the financial end the crank-and-fly-wheel manufacturing establish- 
ment and the engineering end drew closer. Then the direct-acting 
engine took high-duty attachment increase its steam economy 
became more and more hard pressed the fight low duty 
against high duty. The problem the crank-and-fly-wheel camp was 
reduce the capital account simplifying the design, and keep 
raising the duty. 

The growth and drift the public pumping engine seems 
toward larger and larger units, and the introduction the higher 
duty idea into smaller and smaller units, with the vertical, triple- 
expansion engine rapidly taking the lead, and the cross-compound 
crank engine gradually forcing the direct-acting machine out the 
field the moderate and small sizes. The direct-acting, non-rotative, 
triple, with six steam cylinders and two double-acting plungers, stub- 
bornly holds on, and probably will for while longer. Just what the 
next ten years will bring out not known. looks doubtful for the 
dominance the turbine type that time all, and the gas 
engine has not yet really made good start for the front line. Super- 
heated steam and generally higher steam pressures about 175 
gauge pressure will take place gradually, and that will the last 
firing line the reciprocating, triple-expansion, displacement, pump- 
ing engine. will hold this line stubbornly, and will require 
great deal more progress than evident any direction present 
dislodge even shake materially. Its capital and fuel accounts, 
even with coal moderate price, make satisfactory showing, and 
its maintenance the presence good design and workmanship will 
not exceed large moderate plants where 
for. 

The perfect present-day pumping plant involves the following 
items: 


Vertical, triple-expansion, crank-and-fly-wheel pumping engines; 
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Long stroke, with rotative speed not exceed rev. per min.; 
Maximum piston travel 200 ft. per min.; 

Modified steam-jacketing and re-heating; 

Steam pressure throttle, 175 lb. per gauge; 
Moderately superheated steam independent apparatus; 
Smoke-flue 

Water-tube boilers; 

Mechanical stokers; 

Natural draft least 0.8 in. water; 

Feed-water economizers; 

Automatic damper regulators; 

Coal bought the basis 14000 heat units per 
Boiler efficiency 75%; 

Coal per indicated horse power, lb. for large plants; 
Coal per indicated horse power, 1.75 lb. for small plants; 
Maintenance engines, 1.5% for large plants; 
Maintenance engines, for small plants. 


These and other items similar nature are about what look 
ahead discerns the coming events the planning, construction, and 
operation present-day pumping plants for public water supply. 

Chicago, St. Louis, Cincinnati, New Orleans, Cleveland, Buffalo, 
Pittsburg, Philadelphia, and other cities, large and small, will have 
depend pumping for the main supply; and New York, Boston, 
Baltimore, and other cities, which the growth extends levels 
too high for distribution from the general source supply, will have 
use auxiliary service involving pumpage for high-service supply. 
Therefore, will noted that the use the best present ideas, and 
the introduction new ones, will order for long time come, 
the municipal water-supply pumping station. 
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STREET PAVING CROWNS, WASHINGTON, C.* 


The writer has read with much interest the paper Green. 
Assoc. Am. E., entitled Review Chicago Paving 
and also other recent this subject, and submits 
the following: 

There seems great difference opinion among engineers 
this subject, and, Mr. Zahniser says, collection these 
formulas may the beginning possible “Rational Formula.” 

The following method treating crowns has been used the 
Engineer Department the District Columbia since 1894, but 
has only recently been formulated. 

This formula was suggested and deduced Mr. Joseph Dare, 
Assistant Engineer the District Columbia, and takes into 
account the width the roadway and the longitudinal grade the 
street. applicable for all widths roadway and including 
ft., after which necessary treat the section special one 
The formula is: 


This paper will not presented any meeting, but written communications the 
subject are invited for publication with Transactions. 

Transactions, Am, Soc. E., Vol. 

tIn Engineering News, Mr. George Warren, entitled Practice with 
Respect to Crowns of Roadway Pavements and Concrete Foundations,’ December 2d, 
1909; Mr. Zahniser, entitled for Rational Formula for Street 
Pavement May 5th, 1910, and James Hazlehurst, Am. Soc. E., entitled 
Formulas for Determining Street Crowns when the Two Curbs are Different Eleva- 
tions,’ June 30th, 1910. 
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which the crown, inches, 
the longitudinal grade, expressed percentage, 
the width the roadway, inches. 


When the curbs are level, the crown distributed shown 
the following formula: 
= d 


Y 


the transverse grade, expressed percentage 
the elevation the gutters, expressed feet and hun- 


dredths. 
Curb Curb 


Fig. 1. 


will noticed this formula, the percentage grade from 
gutter quarter and from quarter crown exceeds 
and 2%, respectively, and the diagonal rate from quarter the 
curb, along the hypotenuse isosceles triangle, the legs which 
are equal the distance from the quarter the will not 
materially exceed the longitudinal rate, thus keeping team the 
same rate grade, whether they are going straight hill taking 
diagonal course their desire left themselves. 

This, far the writer knows, the only formula which this 
holds good. 

Another point, which has been taken into consideration and 
shown the following formulas, the location the when 
there difference the elevations the curbs. 


Curb 


Fig. 2. 
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the short side the crown 
the width the roadway, feet and hundredths 


the transverse grade, expressed percentage. 


This formula puts the crown and quarter points such position 
that the transverse grades from gutter quarter and from quarter 
crown will the same the curbs were level, for the same 
longitudinal grade. 

the practice Washington, C., put vitrified block 
gutters streets which the longitudinal grade 1.5% less. 
This does not change the formula, 0.1 ft. added the curb 
side the gutters for the rise the same. The crown then worked, 
using the distance between gutters the width roadway. 

These formulas refer particularly streets paved with sheet- 
asphalt, but for asphalt block, granite block, other pavements 
having more less rough surface, and therefore giving more 
secure foothold, can used equally well and give good results 
the addition in. the amount crown given the above, 
This gives rates little steeper from gutter quarter and from 
quarter crown, which necessary, these materials when paved 
gravel sand base, usually the case, have tendency 
settle until all joints are entirely closed and water does not get between 
them. 

These crowns give transverse grades sufficient carry all water 
the gutters rapidly necessary, besides reducing minimum 
the number accidents caused horses falling; and produces 


section which pleasing the eye. 
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the new Catskill Aqueduct for New York City some the most 
difficult problems, both design and construction, have been encoun- 
tered the deep pressure tunnels siphons. The design and location 
these tunnels have been described the technical press.* 
first siphon placed under contract was that crossing the Rondout 
Valley, near High Falls, Y., work second importance only 
the Hudson River crossing, and now more than half 

There are eight shafts the Rondout Siphon, varying depth 
from 374 710 ft. (three permanent shafts and five sunk expedite 
the construction the tunnel), and all, excepting Shaft No. were 
completed tunnel grade without any great difficulty. will 
noted the profile, Fig. and Plate that the tunnel between 
Shafts Nos. and passes under Rondout Creek and its buried pregla- 
cial gorge, and, due sharp steepening the dip, also passes 
through number different rock strata. The examination expos- 
ures these rocks other points (and preliminary surveys and bor- 
ings) indicated that some them were very hard while others 
were porous, water-bearing nature. was evident from the start, 


Engineering Record, January 29th and February 5th, 1910; and Proceedings, Mu- 
nicipal Engineers New York City, 1909. 


description the power-plant for this work was published Engineering 


Record, April 10th, 1909; and description the methods tunnel excavation 
January 1910. 
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therefore, that this would the most difficult part the work, and 
that intermediate shaft would required order that the progress 
might kept equal that other parts the tunnel. Any location 
the shaft would require penetrate the strata which the 
trouble was expected, and, for various reasons, the choice was limited 
the stretch between Stations 600 and 607 50, shown 
Plate XXVI. 

Diamond-drill borings were put down in.the vicinity define the 
strata, and Stations 600 and 607 50, 4-in. shot-drill borings 
were made permit pumping experiments which was hoped 
determine the relative porosity the rock. oil-well rig, having 
capacity about gal. per min., was used these experiments. 
The ground-water elevation was about ft. below the surface both 
holes. Station 607 the discharge was about 50% excess 
the theoretical capacity the pump, reaching maximum 130 gal. 
per min., and, although 1071000 gal. were pumped, was impossible 
lower the elevation the ground-water. Station 600 
there was excess discharge over the capacity the pump, and 
the ground-water level was lowered ft. pumping 2020000 gal. 
The surprising part this experiment was that the ground-water level 
Station 607 was also lowered ft., although previous pump- 
ing that point had had effect. 

The water both points was strongly impregnated with sulphur, 
and, while there was thoroughly satisfactory explanation these 
phenomena, the theory was advanced that Station 607 gas was 
liberated the churning action the pump and thus increased the 
pressure, forcing the water through the working barrel the pump. 
The records the borings showed that the water was first encountered 
the Binnewater sandstone. This entire bed exposed vertical 
cliff below the High Falls, Rondout Creek, less than mile from 
the tunnel line, and examination showed soft, coarse-grained 
sandstone with numerous porous layers, probably caused the solu- 
tion material. The High Falls shale immediately below 
also showed considerable porosity, and the indications were that the 
shaft would wet one. The location Station 600 seemed 
promise better shaft, but that Station 607 gave reduced 
length tunnel difficult rock. Both locations were shown the 


contract drawings, and the contractor was given the option choos- 
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ing either one. The contractor elected sink Station 607 50. 
The result the pumping experiments was include the contract 
provisions for emergency pumping plant having capacity 1800 
gal. per min. 

The total depth the shaft 498 ft. and the strata penetrated 
were: ft. ‘glacial drift, 226 ft. Helderberg limestone, ft. 
3innewater sandstone, ft. High Falls shale, and 134 ft. 
Shawangunk grit. The Helderberg limestone hard, dark gray rock. 
with layers flinty material and few seams; the Binnewater sand- 
stone soft, greenish, fine-grained rock high general porosity, 
and with numerous open water-bearing seams; the High Falls shale 
soft rock, thin-bedded horizontal layers, with numerous seams, and 
varying color from light green red; the Shawangunk grit 
exceedingly hard, white, quartz conglomerate. The shale and sand- 
stone grade into each other very gradually, the latter containing numer- 
ous shaly layers and vice versa. 

The contract was let June 12th, 1908, and excavation Shaft No. 
was started July 20th, 1908, air being supplied from temporary 
plant. Less than four months later, air was turned from the large 
central plant.* The shaft, being for construction purposes only, 
rectangular, ft. over all. timbered throughout with 
wall plates, 8-in. buntons and 2-in. lagging, making 
its size ft. inside the timbers, and divided into three com- 
partments. Four No. Tandem Cameron sinking pumps, each hav- 
ing capacity 450 gal. per min., and one No. having capacity 
300 gal. per min., were ordered for the emergency pumping plant, 
and, pending delivery, several No. and No. Cameron sinkers were 
kept reserve. 

The shaft was dry depth ft., but, September 2d, the 
water rushed from the bottom through the 4-in. bore-hole 
estimated rate from 600 800 gal. per min., and the shaft was filled 
within ft. the top. the emergency plant had not then 
been delivered, simple air-lift was installed which first threw 
1600 gal. per min. the decreased, due lack back 
pressure, two more stages were added, and, with the aid two No. 
sinking pumps, the water was lowered within few feet the 
bottom. 4-in. swedged nipple was then driven into the hole, and 


Engineering Record, April 10th, 1909. 
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casing was attached. was decided grout the bore-hole, and 
pipe was let down inside the hole the grit and extended 
the surface. The shaft was then allowed fill up, equalize the 
pressure and prevent flow, and 1:1 grout was poured down the 
pipe, while the latter was raised gradually. When the hole was filled 
the top with grout, the pipe was withdrawn, the shaft was 
unwatered, and sinking was resumed. 

From this point the bottom the limestone the shaft was 
dry that water had carried down mud the drills. 
was realized, however, that large quantity water under heavy 
pressure was present the lower strata, and serious doubt began 
felt the possibility sinking this shaft ordinary methods. 
Peekskill Division, Northern Aqueduct Department, then directed 
attention the recent successful use the cementation grouting 
process sinking.* The contract called for grouting behind the lin- 
ing the completed tunnel, with pressure 300 lb. per sq. in., and 
the delivery this apparatus was hastened. 

depth 215 ft. the shaft entered the Binnewater sandstone, 
and this formation the water gradually increased until, depth 
260 ft., the shaft was making 225 gal. per min. This was handled 
two No. Cameron sinkers. While the sump was being drilled, 
December 20th, 1908, additional flow about 600 gal. came 
through one the drill holes under considerable pressure, quickly 
drowned out the sinking pumps, and flooded the shaft within ft. 
the top. Preparations had been made plug any water-bearing 
hole, but the flow was unexpected force and volume. interest- 
ing note that the water, this time and later when the shaft was 
flooded, rose lower elevation each time, indicating that the pump- 
ing had considerable effect the general 

long delay now ensued before sinking was resumed. single- 
stage lift, having 8-in. discharge and 2-in. feed, lowered the water 
within ft. the bottom, throwing from 600 350 gal. per min. 
second stage the same size was then installed, discharging into 
the first 100 ft. from the bottom. This had initial capacity 
500 gal. per min., and lowered the water within ft. the bot- 
tom. third stage was added, and, with the aid two No. Cameron 


Described the American Engineering and Mining Journal, August 1st, 
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sinkers, each having capacity 450 gal. per min., the bottom was 
unwatered January 24th, 1909, the No. Cameron pumps were 
recovered, and the hole was plugged with 2-in. swedged nipple and 
ing was resumed for the purpose finding the location and extent 
the water-bearing seams, the holes being plugged with pipes and valves 
water was encountered. February 3d, 1909, while one the 
pumps was temporarily out commission, two the holes struck 
water. The discharge hose broke the second pump, when speeded 
up, and the shaft was again flooded and the pumps drowned. This 
was the beginning series troubles with the pumps which will 
detail later. Due their great weight, the high head, 
and the consequent force their pulsation, these pumps gave con- 
tinual trouble with their discharge lines, and discharge and suction 
hose pipes. These troubles were minimized later fastening them 
the timbers and improvements the quality the equipment, 
but the sinking pumps could never relied for satisfactory ser- 
vice heads greater than 200 ft. 

The pumps were recovered using the air-lift and additional 
No. pump was lowered into the shaft. February 10th, before 
the holes the bottom could plugged, the pumps again went out 
commission rapid succession, the shaft was again flooded, and 
the pumps were submerged. Again the pumps were recovered 
the air-lift and the two No. Camerons; the bottom was uncovered 
and the holes were plugged February 16th. 

Drilling the bottom was resumed through pipes and gate-valves 
which could closed quickly. The leakage from the sides and around 
the pipes the bottom had now risen 450 gal. per min. With the 
discharge hose and gaskets the discharge line blowing out above, and 
water spurting from the bottom, difficulty began experienced 
getting labor. February 21st the shaft was again flooded, 
due pump troubles, and was not recovered the air-lift until 
March 12th. 

sufficient number holes had now been drilled indicate that 
the rock for least the next ft. was soft and porous with several 
open seams maximum width in. The largest seam was 
one point within in. the bottom the shaft. The behavior 


single 2-in. drill-holes made unpleasant contemplate the quantity 
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water which might encountered sinking were resumed. 


ingly, was decided attempt first cut off the water grouting, 


matter which had been under advisement for some time. 


the 


rock lay horizontal layers, was hoped that the water would not 
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nection the bottom. first the grout leaked back into the shaft 
around the pipes and through seams the bottom. was thought 
that concrete blanket might necessary, but the difficulty plac- 
ing would have been great. After several experiments, finely-ground 
horse manure was injected with the grout. Although there was con- 
siderable waste grout, the manure finally clogged all openings, and 
the bottom was made tight. three days 2900 bags cement were 
in, and the holes were then blocked. The large quantity 
cement indicated the size and extent the seams. After the grout had 
set, additional holes were drilled, and struck water under pressure 
depth ft. These holes were then grouted, bags 
cement being used. 

Experience, that time, indicated that the sandstone was very 
porous and water-bearing, and the High Falls shale lying underneath 
was believed little better. view the success the first 
grouting, was decided put diamond-drill holes down the top 
the Shawangunk grit, and attempt grout the intervening strata. 
The distance from the bottom the shaft the grit was 100 ft., and 
was decided bore six holes. first, 3-in. holes were drilled 
depth about ft., swedged nipples with gate-valves were driven 
tightly, and 24-in. casing was extended the top the shaft where 
the diamond drills were set up. Three holes were drilled Sullivan 
Badger machine taking 1-in. core, and three with Sullivan 
machine taking 2-in. core. Water was encountered depth 
ft. The holes were continued the grit and 175 bags cement 
were forced under pressure 275 lb. The small quantity 
cement required was looked some encouraging sign 
better conditions; others seemed cast doubt the 
the grouting, when considerd connection with the depth and small 
diameter the holes. Both beliefs were shown have measure 


truth later developments. The shaft was now making 225 gal. 
per min., all coming from the sides. 
Sinking was resumed April 25th, 1909, after delay four 


months, and, the first ft., numerous seams were passed with 


maximum width in. All were filled with grout, and were tight. 


Below this point large seams were encountered, but the seepage from 
the sides increased until the inflow was 350 gal. per min. depth 


280 ft. Trouble with the sinking pumps had become frequent, 
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due the high lift, that was decided put collecting ring 
and establish station depth 265 ft. sketch typical 
ring shown Fig. The pumps the bottom discharged into 
the ring, and the water was relayed the top two No. Cameron 
sinkers, which were protected from blasts bulkhead timbers. 
Sinking was resumed, and when the shaft had reached depth 
300 ft. and was making 450 gal. per min., second ring was installed 
with one No. Cameron sinker pumping the surface. The second 
ring intercepted about 100 gal. per min., the upper ring still being 
used station for the two No. Cameron sinkers the bottom. 
the excavation proceeded, 2-in. seam was encountered, increas- 
ing the inflow 525 gal. per min., and third ring was added. The 
water was strongly charged with sulphur; and the H,S gas, which 
had been giving more less trouble, now increased parts 000. 
The water caused cuts and abrasions the flesh develop into run- 
ning sores, and the gas, addition general debilitating effect, 
irritated the eyes greatly, causing temporary blindness. Great 
culty was experienced getting men, and was necessary raise 
the pay and shorten the hours work. The bottom was flooded several 
times, but the water never rose higher than the first ring. 

The shaft was now (July, 1910) about 320 ft. deep, and was full 
pumps and their air and discharge lines that was almost impos- 
sible any work. step which should have been taken earlier, but 
had been postponed hope improvement the rock, was now 
decided on, namely, station chamber the side the shaft. 

July 15th the pumps the upper ring broke down and the 
shaft was flooded for the sixth and last time. The shaft was unwatered, 
the six pumps the bottom were recovered the invaluable air-lift, 
and the excavation the chamber was started August 1st 
depth 309 ft. The chamber, shown Fig. was ft. 
and ft. high, and had sump ft. and ft. high, having 
capacity 14500 gal. Three 20-in. Cameron horizontal 
condensing pumps, with combined capacity 1050 gal. per min., 
were installed the chamber. relieve the heavy load the power- 
house, had been decided run these pumps steam, and three 
100-h.p. boilers were set the the shaft. steam 
line from the boilers the pumps was wrapped successively with 
asbestos, felt, and tin, prevent the condensation the steam and 
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fog the shaft. water-bearing seam was encountered the cham- 
ber, increasing the inflow 725 gal. per min., and during the excava- 
tion the number pumps the shaft increased ten, all sizes 
and styles. this time the gas had become bad that was 
necessary ventilate the shaft. Three Sturtevant blowers (two No. 
and one No. 45) were installed the top, with 10-in. and 14-in. 
pipe lines. mixture of.1 part chloride lime and parts 
ordinary lime was also sprinkled continuously down the sides the 
shaft. After steam was turned on, nearly two weeks were consumed 
removing superflous pumps, air-lines, and discharge pipes from the 
shaft. All water from the rings was either pumped led gravity 
into the sump the chamber. 

Sinking was resumed September 9th, 1909 pilot drill-hole 
being kept well below the bottom) and all seams were grouted 
advance, none them taking more than bags cement, until the 
grit was reached. There was still some seepage from the sides, which 
sprayed the shaft and increased the bad effects the sulphur and 
gas. Several rings with small horizontal pumps were installed pre- 
vent this. the contact with the grit additional flow 125 gal. 
per min. came through the old preliminary drill-hole which had been 
previously grouted, increasing the total flow 850 gal. per min. 
This hole was plugged with nipple and gate-valve, and registered 
pressure The flow was cut off forcing 348 bags 
cement under pressure 275 lb. All water-bearing seams the 
grit were grouted, the maximum quantity cement used any point 
being 100 bags. Sinking was continued until December 31st, 1909, 
when the shaft reached tunnel grade depth 497 ft., and the 
headings were turned. The elapsed time from the start 
tion was months, average monthly progress ft. Exclusive 
delays due trouble with pumps, the average monthly progress 
was ft. The highest monthly progress was ft., which was made 
the limestone. The total quantity water pumped during the sink- 
ing was ft-gal., and the total quantity cement used 
for grouting was 971 bbl. 

The general method excavation was sink about ft. below 
the timbers and then place about ft. timber, the lower dead-logs 
being about ft. above the bottom the sump. After large flows 


water were encountered, was found necessary keep timbers close 
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the bottom, for convenience handling pumps and hanging them 
and their air and discharge lines. Wire guides were carried down 
the bottom the timbers, and cross-head was used with 
the bucket. Excavation was made with center cut sump and two 
side bench cuts, the continuous method, drilling and mucking 
proceeding simultaneously, indicated Fig. Drilling was started 
the cut with four Ingersoll drills mounted two quarry 
bars, soon the bench muck had been cleared away. The sump 
was then shot, and drilling was started one bench while the sump 
was being mucked. This bench was shot soon the sump had been 
cleaned out, and drilling was then started the other bench. The 
average number holes for complete advance was 32, and the 
average advance was about ft. The pumps were hoisted into the 
timbers while blasting. 

When the inflow became great, the pumps were kept operation 
during blasting. The shaft was excavated separate halves, the 
pumps being moved the opposite end the shaft and protected 
bulkhead. After the station chamber was operation, the water 
was kept off the bottom much possible rings, and the former 
method was resumed. The superintendents and laborers employed 
this shaft were mostly trained shaft-sinkers, drawn from the 
vania coal fields. 

The methods used grouting differed somewhat detail, but 
general were follows: 2-in. pipe (with gate-valves) was driven 
into the hole far possible. There was great difficulty getting 
tight packing around these pipes, and preventing leakage grout back 
into the shaft. Wooden wedges, flannel, oakum, oil-well packers, and 
cement were used freely, but times was necessary resort the 
horse manure. pressure from 100 275 lb. was used, the former 
being obtained from the main air-line and the latter from small 
Westinghouse high-pressure compressor. The grout machines were 
placed the top the shaft and connected with the hole 24-in. 
pipe. The long pipes clogged somewhat, and cut down the quantity 
sand which could used, but the difficulty operating the ma- 
chines the bottom would have been too great. battery from 
four six Canniff air mixing tank machines was used, and connected 


one pipe. Owing the simplicity and rapidity their operation, 
these machines are admirable for forcing large quantities grout, 
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and kept almost continuous stream passing down the pipe. 
Between batches, minimum pressure 100 was kept on, hold 
the grout place, the back pressure from the water was times 
high lb. very weak mixture was used first and the 
quantity cement was increased gradually; this continued flow 
freely sand was added until the pipe began clog. All grouting 
was nearly continuous possible, and was uniformly successful 
(except with the deep diamond-drill holes), one time cutting off 
leakage more than 400 gal. per min. With the diamond-drill holes, 
believed that, addition the length and small diameters the 
holes, the partial failure was due the fact that the chips and dust 
the drilling clogged the seams. Experience seemed show 
that, with the stratified rock (as had been anticipated), the water 
cut off was not forced into the shaft lower level. The grout 
set very slowly and developed little strength, although the waste grout 
carried out through the pumps finally set outside. 

For any head more than 200 ft. the sinking pumps gave very poor 
results, for number reasons. The main reliance was placed 
four No. 12, 16-in. Camerons, with 10-in. suction 
and 8-in. discharge. Each pump weighed about tons and they were 
large that they could not passed each other the same com- 
partment. Against high heads they never pumped much more than 
half their rated capacity, because, when speeded against the heavy 
back pressure, the pulsation was great that soon tore them loose 
from their connections. The vibration was great flange-joint 
discharge line that bolts and flanges broke continually, and was 
necessary replace line. One great trouble was 
the impossibility making rigid connections with the discharge line. 
Wire-wound discharge hose, rewound with rope, frequently gave way 
under the pressure, and the connections between the hose and the 
pumps were continually failing. 

Prior the installation the horizontal pumps the chamber, 
the air-lift was the one and only reliable part the unwatering equip- 
ment. was very wasteful power, but made unnecessary both 


large reserve pumps and the slow and tedious process staging 
them down the shaft when was flooded. was efficient until the 
depth water the shaft was less than 60% the total depth 
the shaft. When the water was lowered 40% the total depth, 
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the air-lift was usually staged. Sinking pumps were always required 
take out the last ft. water. 

Pumps operated steam required about half much boiler-horse- 
power and half much coal for operation air. When 
considered that there was central power-plant for delivering air, 
and that the cost installation, maintenance, and hauling coal must 
considered extra, probable that the steam plant effected 
economy. The principal cause for its installation was insurance 
against accident delay due any break-down overloading 
the central power-plant. Steam was never used with the sinking 
pumps, account the excessive heat and the fogging the shaft 
which would result. The steam horizontal pumps used the chamber 
were condensing, thus preventing this difficulty. The air gave con- 
siderable trouble freezing the pumps, although re-heaters and 
drips were used. 

source difficulty and delay sinking this shaft, the 
gas was second only the water. believed due the 
decomposition and dissolution pyrites the rock, under the heavy 
pressure. The gas arising from the shaft soon oxidized the paint 
building 100 ft. away, and the discharge water would tarnish silver 
coins less than minute. addition their debilitating effect 
the men, the gas and water attacked pipes, cables, rubber gaskets, and 
hose with serious effect. 

believed that ultimate economy might have been effected 
constructing the chamber earlier, and higher level, with per- 


haps second chamber lower position. The completion the 


shaft due the successful use the process cementation, 
grouting. The quantity water which might have been encountered 
without. grouting largely matter speculation, but thought 
that would have approached the sum the amounts encountered 
different times. One the things which lead this belief the 
fact that, while ungrouted inflows near the top the shaft showed 
very slow and steady decrease due the general lowering the 
water-table, the rate was apparently unaffected when new flows from 
300 400 gal. per min. were encountered the bottom. Another 
the fact that inflow about gal. per min. was encountered 
the same strata the tunnel, between Shafts Nos. and 


All water pumped from this shaft was paid for under the contract 
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$0.30 per 1000000 ft-gal., and the emergency pumping plant was 
also paid for under lump sum, bid price. The water was measured 
square orifice, record the head being obtained 
Friez automatic water register. The orifice was calibrated and checked 
from time time box-weir and hook-gauge. The measuring 
tank and orifice are shown Fig. Plate and all inflows, 
unless otherwise stated, are actual registered quantities. 

The Rondout Pressure Tunnel being constructed contract 
for the City New York under the direction the Board Water 
Supply, Waldo Smith, Am. E., Chief Engineer; Robert 
Ridgway, Am. Soc. E., Department Engineer, Northern 
Aqueduct Department; Lazarus White, Am. Soc. E., 
Division Engineer, Esopus Division; and Mr. Bertrand Wait, Sec- 
tion Engineer, Sections Nos. and The are the 
Gillespie Company, Mr. Robert Swan, Vice-President and Gen- 
eral Manager, and Mr. Gillespie, General Superintendent. 

The writer wishes express his thanks Mr. Wait, who was 
actual charge the work, and collected the data from which this 
paper was 
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Informal Discussion.* 


PRELIMINARY INVESTIGATIONS. 

many features American practice which render the satisfactory 
application preliminary investigations highway construction un- 
necessarily difficult. the object this discussion point out 
some the most prominent these obstacles and suggest certain 
means remedying them. 

The present status experimental road work the United States 
far from satisfactory. must admitted, however, that much 
progress along experimental lines has been made during the past few 
years certain individual investigators and public service bodies, 
and general improvement methods construction and plans for 
the investigation previous work noticeable throughout the country. 
The best that can said, however, that start only has been made 
along the right lines, and that much yet remains done. 

Since 1907 great number and variety experiments with dust 
palliatives and road binders, the treatment and construction roads, 
have been conducted American road engineers, but the greater part 
this work has been practical value the experimenter only. 
Many valuable experiments have not been published such form 
assist others engaged similar work, and the general criticism 


meetings held January 20th and 1911. much this discussion possible 
printed Proceedings order that the views expressed may brought before all 
members for further discussion. 
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may made that the 
presented are both meager and incomplete. Moreover, the results 
obtained from these experiments have not been properly correlated 
digested. This, course, may accounted for, some extent, 
the fact that time has not yet elapsed obtain final results, 
particularly experimental road construction. 


Without entering into detail, may said that present there 


lamentable lack knowledge among road engineers, class, 


regarding even the types dust preventives and road binders now 
obtainable; and many there complete ignorance concerning 
the physical and chemical properties such materials. This seems 
rather unfortunate state affairs when realized that such 
knowledge essential their intelligent use. 

Without any way belittling the good work already done, and the 
earnest endeavors many engineers, one other criticism may made 
regard the experimental road work the past. This refers the 
lack co-operation among experimenters regarding the general lines 
which have been followed. Thus, certain instances one may find 
that bituminous material used satisfactorily one experimenter 
construction work has been used another surface treatment with 
bad results, might have been expected. Without attempting as- 
certain the cause failure, one will discredit this particular material 
while the other will extol it. third party wishes surface-treat 
construct road, and, hearing opposite opinions from the first two 
experimenters, loss know whether not use the material 
question. rule, without regard the experience either, 
taking the trouble find out the cause the difference opinion, 
decides make experiment his own, and often repeats mis- 
takes which have previously been made. 


remedy this condition affairs, the following suggestions are 
offered 


(1) That all engineers interested modern road problems make 
special study bituminous and other road materials, with 
regard their origin, classification, methods production 
manufacture, and their physical and chemical 
That systematic examination made all 
ventives and road binders used experimental work, and 

that complete reports examination ineluded all 

published experiments; 

That detailed description the method application 

construction made all published reports, and that 

statement all peculiar local conditions connection with 

each experiment included these reports; 

That, whenever practicable, careful traffic census taken 

for all roads which have been surface-treated constructed 

with bituminous other binders; 


majority published reports the data 
age. 
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(5) That more attention paid comparative experiments 
carried under given set conditions, where various road 
binders are used according one more methods; 

(6) That experiments conducted with the view determining 
the relative economic value surface treatment and construc- 
tion with various road binders, especially connection with 
the traffic which the road subjected. 


The first these may passed without further 
comment. With regard the second, may said that the methods 
examination road binders should standardized, order that 
the results examination properly interpreted all. For 
number reasons, such standardization difficult matter 
plish, but hoped that certain standards will generally 
adopted the near future, result the work this Society and 
the American Society for Testing Materials. 

With regard the construction experimental bituminous roads, 
suggested that more attention paid the economical develop- 
ment the mixing method, which, the speaker’s opinion, will 
eventually prove best adapted for the more important highways. 

the speaker’s judgment, the importance taking traffic census 
has been greatly underestimated the United States quite 
evident that the selection suitable type road for any locality 
should governed largely the volume and character 
which the road will subjected, and yet but little attention com- 
monly given this matter. Attention rarely given more than 
the general nature the traffic; that is, whether heavy light, 
and whether consists mainly motor vehicles horse-drawn vehicles. 
What considered heavy traffic for one locality may considered 
light for another, and, therefore, would seem most important 
that detailed record made both the character and the volume 
traffic for each individual road importance. 

With regard comparative experiments made under the same 
general conditions, there one point which should emphasized, 
namely, that the results such experiments should interpreted, not 
necessarily showing unquestioned comparative values, but mainly 
comparative values under given set conditions. This leads 
closely related subject which may mentioned conclusion, that is, 
the futility attempting formulate standard specifications for 
bituminous road materials. has been the speaker’s experience that 
given binder, used according prescribed method, with satis- 
factory results under given set conditions, may prove quite un- 
satisfactory when used according the same method, under different 
set conditions. The framing satisfactory specifications for 
bituminous binders, therefore, must continue be, the past, 
matter expert judgment. 
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Am. Soc. E.—In the work preliminary 
investigation necessary consider how the actual performance 
the work accomplished may carried out, before decision 
the method adopted may reached. 

Owing the fact that the speaker has frequently heard expressed 
the desire for panacea cure-all for road-ills, the way par- 
ticular method using any material, and that feels there still 
remaining, some quarters least, mistaken idea his attitude 
these questions, spite his previous utterances this subject, 
desires make brief statement his position. 

Any tendency establish panacea for either method material 
regretted, because any such idea improperly based and 
impossible accomplishment, and because each problem should 
solved individually. 

The speaker believes that even the relative values the four 
common methods use, namely, Palliatives, the Surface Treatment, 
the Penetration Method, and the Mixing Method, have not been 
clearly established from observed and recorded facts necessary 
for opinion which method should used, even when all 
other circumstances the case may accurately known. The speaker 
considers that each method has its limitations, though they may not 
sharply defined present, and that there are many good arguments 
for each. 

Palliatives have their main use roads light traffic, already 
good condition surfacing; where excessive smoothness un- 
desirable; where there are esthetic objections other methods; where 
their convenience application demands serious consideration; and 
where annual cost may not controlling factor. 

Surface treatments are limited roads with good surfaces; 
moderate where fair degree smoothness surface and the 
resulting appearances from “glaze” color may not objectionable; 
where the cost under the may not excessive; and where the 
convenience their application desirable consideration. will 
probably generally acknowledged that the records yet are not 
clear the amount traffic that can cared for successfully 
the surface treatment, its economy under known traffic 
conditions. 

Penetration methods are limited the resurfacing old roads 
the construction new ones. Their relative economy means 
clear yet, nor their relative efficiency under known traffie condi- 
tions apparent. great argument favor their adoption—in 
addition the theoretical ones which have probably been covered 
too fully the past need repetition here—has been the practical 
one that was much easier induce lay boards, officials, con- 
trolling the work, “sprinkle some pitch the stone before applying 
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the chips,” than was induce them invest portion their 
limited funds the equipment necessary for the mixing method. 
Undoubtedly, this condition affairs has also been furthered the 
attitude certain patentees, who have often made such broad 
claims, the extent their patents, scare many laymen into 
avoiding any mixing method, even when they were convinced that some 
such might desirable, and were ready make the investment for 
equipment. Consequently, the penetration method has secured addi- 
tional argument, perhaps some cases unjustly, though the speaker 
wishes avoid any lack clearness his opinion. still firmly 
believes his previous arguments the correctness the principles 
underlying the method, and submits that yet appreciable 
amount direct evidence has been recorded disprove either these 
theories the actual value practice the method for many cases. 
The penetration method probably limited its actual use roads 
with more than minimum traffic, but what that minimum is, 
yet, not satisfactorily clear; roads where extreme firmness and, 
perhaps, smoothness surface are not objectionable; where the dark 
color not serious cause for criticism; and where the cost the 
long run not excessive. may especially valuable process for 
reconstruction. 

The mixing method also limited reconstruction 
new construction. may said that the first three methods apply 
maintenance and the last two construction, making the third (the 
penetration method) lap the dividing line. The mixing method also 
probably limited use the same considerations the case 
the penetration method, though the difference first cost the two 
methods may result some variation the solution problem. 

The value definite form treatment largely dependent 
the amount and character the present method taking 
records count the traftic under certain classifications, one-horse, 
two-horse, three-horse, for the horse-drawn and the light 
and heavy motor cars and motor trucks for the motor-car traftic. 
the speaker’s experience, comparison records taken this manner 
extremely difficult. For instance, various roads, has records 
which have been accumulating for number years, and, even when 
they are all tabulated, difficult compare the results. 

engineers will experiment little obtaining such information, 
and assign unit each that the data can reduced 
units, the comparison results different roads will simple. 
illustration, ridden horses might given value single- 
horse teams the value two-horse teams the value motor the 
value runabouts motor cars general, except trucks, the value 
even double the number seats the and motor trucks value 
for each 250 capacity, then the could reduced 
single unit for purposes 
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Such scheme suggested with the idea obtaining method mr. 
which results can compared, and that engineers can judge the 
relative value the different treatments, methods construction, and 
possibly the different materials used. 

sum up: The selection method used for particular 
case, when arranged diagrammatically, may look complicated the 
pedigree Arabian horse traced back even few generations. 


DIAGRAMMATIC ARRANGEMENT CoNTROLLING Factors INFLUENCING 
THE SELECTION THE METHOD ADOPTED. 


Smoothness 
Suitability 

Dustines 
ete. 


Equipment; 
Cost materials; 
Cost skilled labor; 
Cost ordinary labor; 
Workable season 

ete. 


First Cost: 


Method used: Repair equipment 


Cost materials; 
Cost using materials; 
Workable season, and interfer- 
ence with repairs; 
Frequency repairing; 
ete. 


Cost 
Maintenance: 


Control laymen, engi- 
neers 
Local personal prejudices 
Knowledge actual facts 
controlling authority 
Tendency 
thority other facts 
theories; 
ete. 


| 
| 
| 
| 


Further divisions this diagram may carried out almost 
indefinitely. That which shown will serve for the illustration 
intended. 
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the problem seems formidable present, should not for- 
gotten that surely capable simplification. the duty each 
engineer, who interested the development the science the 
Profession, exert himself courageously for the elimination certain 
improper factors, and for the substitution facts for the unknown 
factors present perhaps algebraically represented, carefully 


recorded experience and co-operation will enable him dictate, 
that the “answer” may sharp and clear. 


Am. Soc. E.—The primary object 
preliminary investigations enable engineer determine 
within certain limits the method construction maintenance and 
the kind road material which are adaptable, from the standpoints 

hoped that the publication and dissemination complete 
data relative the construction and maintenance roads, and the 
co-operation engineers through the medium Committees appointed 
National Societies Civil Engineers, the limits adaptability 
methods and materials may defined more clearly each 
ing year. 

Preliminary investigations should include consideration, and, 
many cases, thorough investigation many the variable influ- 
ential factors mentioned the following discussion. 

the study the traffic which the road subjected, 
essential ascertain the amount and the character the different 
types horse-drawn vehicle traffic and motor-car during the 
various seasons the year; the normal and abnormal speed various 
classes traffic; the direction traffic; the parts the road 
pied various kinds traffic; the nature horses’ shoes and non- 
skidding devices used; the traffic regulations and the probable 
change the character and amount the traffic, due part the 
improvement the road question other roads. 

Engineers familiar with the problems modern highway con- 
struction will the influence the foregoing elements the 
ultimate design. For example, traffic census showing intense and 
heavy commercial evidently calls for different type founda- 
tion than the traffic the same number vehicles but 
the passenger type. Again: from the standpoint the preservation 
the surface, traffic 200 motor cars per day may may not 
necessitate the use bituminous material the construction 
maintenance road, the combined speed and weight the motor- 
ear being the controlling factor. 

Physical local environments affect the design ma- 
terially. following are among those which should noted: 
topographical and geological structure and features; condition and 
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character cross-roads; effect the character the surface the 
proposed road the locality, from the standpoint esthetics; 
character existing surface, foundation, and sub-soil; relation 
road system roads, from the standpoint possible diversion 
during period construction; existing and proposed grades 
and crowns; months available for construction and maintenance work; 
conditions, covering range temperature and amount and 
distribution rainfall and snowfall. 

The availability the various materials which might used 
construction and maintenance has not, many cases, received the 
requisite amount attention. The investigations along this line 
should cover thorough study the cost, delivered the site, and 
the physical and mineralogical character all rocks, sands, gravels, 
ete., which might used the road. The source supply 
palliatives and binders should likewise receive attention; and the 
specifications covering the various physical and chemical 
properties the ultimate cost construction maintenance 
worthy consideration. some cases, the method delivery 
bituminous materials has affected the cost and the use certain 
methods; hence the location the road, relative railroads storage 
plants, should ascertained. The character available labor, the 
wages paid, and the method under which the work can accomplished, 
may also affect the design. 

The subject plant equipment for the construction and main- 
tenance bituminous surfaces and bituminous pavements has not yet 
received the consideration warranted the importance the subject. 
obvious that, result thorough preliminary investigations, 
will possible, within reasonable limits, adopt various types 
construction and maintenance for system highways, which 
case likewise self-evident that the acquirement plant equip- 
ment will reduce materially the cost both construction and main- 
under certain conditions. 

not great believer preliminary investigations the present 
time, for several reasons, and inclined think that they will result 
The problem the construction roads which will 
meet the conditions imposed modern motor traffic should dealt 
with cautiously. the United States, least, attempts solve 
have extended over such short period time, that yet data are 
available which offer basis for investigation. 


The situation still 
purely experimental. 


What engineers are looking for success. When 
this attained, the manner which has been reached 
investigated. 


While theories may little value, only from expe- 
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rience and service tests that definite conclusions can safely drawn. 
Analogies, however, may aid directing our efforts. Highway engi- 
neers, the present time, have failed benefit any considerable 
extent from the experience gained laying bituminous pavements. 

does not seem wise this early stage the development 
bituminous highway construction draw any conclusions, except 
those based analogies, make any recommendations, the final 
results which can imperfectly foreseen, for, undoubtedly, they 
will have changed abandoned the future. new industry 
may restrained seriously its development attempting pre- 
scribe methods construction which are not based 
results demonstrated service tests. avoid falling into error, 
one must await such results and then determine the manner which 
these successful results have been obtained, order able 
duplicate them. any other direction will vain. 
parallel, attention may called the long period time which 
elapsed before was possible place the sheet-asphalt paving industry 
rational basis. This was finally accomplished after there were 
available for study number asphalt surfaces which had given 
satisfactory results for years more, under traffic various 
kinds. yet, bituminous highway surfaces are sufficient age 
furnish the data for similar study, except the 
bituminous concrete. The prospect eventual 
minous construction highways, however, highly encouraging; 
that is, there seems little question but that some the present 
forms construction, them, where tried materials 
are used, will prove vast improvement over the water-bound 
broken-stone road, both from the point view resistance the 
destructive effect motor travel, and economy and unit cost per 
ton-mile haul. 

The data, connection with any form construction, which 
should accumulated the present time are: accurate records first 
cost; the maintenance during the life the surface; the 
and the environment under which this traffie order that 
the actual cost for the life the surface may 
accurately determined. With such data available, the any 
form construction may compared with data the same descrip- 
tion for any other form. does not seem possible that any definite 
conclusions value can arrived at, present, until such data 
have been mentioned are assembled. When successful form 
bituminous construction has been demonstrated, investigation will 
value determine how this can repeated, but, until this has 
been achieved, the writer believes that investigations will little 
value. 
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RELATIVE VALUE THREE METHODS CARRYING 
WORK: 

(a) That which both labor and material are furnished the 
contractor. 

(b) That which the material supplied the party the 
first part, and the labor the contractor. 

(c) That which both the labor and material are supplied the 
party the first part. 


Am. Soc. E.—In opening this mr. 
speaker will state the reasons why, under the conditions which will 
mention, the affirmative position should taken each the three 
divisions under discussion. 


must clear, any engineer charge construction any 
sort, that the various conditions under which the work done 
should control his action asking for proposals from contractors, and, 
depending such conditions, one the three methods would from 
necessity have adopted. 

desired that the cost the work shall not exceed fixed 
sum, and that the estimate previously made the engineer 
corroborated, the method defined under “a” would preferable. This 
would occur many instances where public work involved and the 
cost its execution limited estimates previously prepared. 
such there does not appear any question the wisdom 
having the contractor furnish both the labor and materials. 

the practice all constructing engineers, the second method, 
that is, “materials supplied the party the first part, and labor 
the must frequently found the best, not the 
only one, which the work can done economically and satisfactorily. 

has the advantage that the engineer, desiring use the work 
certain types brands materials, the cost which knows, can 
perfectly sure the final cost before the work begun. this 
ease all contractors who bid are placed complete equality, and, 
therefore, intelligent and comprehensive offer can made 
each, intelligent comparison can made. 

the construction concrete bridges, culverts, walls, this may 
all means the best way the work, because very often 
that the engineer desires certain kinds rods, placed plans 
them, certain brands cement other material, which wishes 
particularly have embodied the work; and, during the work, 
its conclusion, this method would prevent the question arising 
the use other brands material which might justly claimed 
equal quality, thus creating controversy between the parties 
the contract. any rate, cases where particularly desired 

use materials fixed type character, and where there may 
doubt the minds experts generally which the best, thereby 
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producing uncertainty the interpretation the specifications, there 
can question, the materials are supplied the party the 
first part, and the labor alone the contractor. This true that 
the Highway Commission Massachusetts has for many years followed 
this practice the construction its concrete structures, and the 
reasons for this appear good. the beginning each year, the 
Commission receives bids for cement, meet certain specifications. 
This cement tested different times, order see that comes 
needed, and their responsibility for its quality not part the 
contract. this way, uniformity material and satisfaction are 
ensured. The contractor also supplied with rods, dimensions 
determined the engineer, and these are placed directs. The 
contractor this furnishes only the labor and the gravel 
broken stone. 

Under the third method, where both labor and materials are sup- 
plied the party the first part, the instances where contracts are 
let can but few, if, indeed, may said that contract can 
entered into where neither material nor labor are furnished. This 
method, which, from the nature things, can involve agreement 
between parties, would preferable the performance work 
character which impossible impracticable define specifica- 
tions with sufficient clearness precision enable one make 
accurate estimate the cost. the performance such work 
also preferable because special skill and knowledge are necessary, and 
these have not been acquired contractors, or, any rate, 
sufficient number contractors secure fair, competitive bids. 

From the speaker’s experience Massachusetts and elsewhere, 
believes that work under contract should done under either method 
when the conditions are such that reasonable bids cannot 
obtained, acccount the inexperience contractors, for other 
reasons. Therefore, method only contemplates comparison 
between contract and day labor. 

order get economical work day labor, necessary that 
the party the first part shall have constant force laborers and 
foremen trained the particular kind work has mind, and 
constantly employed work the same type class. 

may be, and, fact, found, that the maintenance certain 
roads, where the conditions under which contract could made are 
uncertain and involve unknown costs which will not permit the con- 
tractor make reasonable bid, method “c” preferable. 

maintaining roads Massachusetts, especially where oil and 
tar are used, has been found that the work can done more 
economically the third method than either the others; and 
better done, because the maintenance gangs are well organized, 
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and are under trained foremen, who have learned all they know 
the direction the engineers the Commission, and, from their 
practice under very careful supervision, have become expert. Conse- 
quently, the work better done and less cost than could 
letting any contractor. 

seems the speaker, therefore, that, where the conditions war- 
rant, any one the three propositions might adopted the party 
the first part, but must for that party determine, after most 
consideration, which the three best suited the work 
view. 

general, the speaker maintains that, wherever possible, method 
“a” (the contractor furnishing all labor and material) preferable for 
all construction, except where reinforced concrete constitutes large 
proportion the work. 

Method which the contractor supplies the labor and the 
party the first part the material, certain proportion it, 
preferable where the largest portion the work con- 
crete, experimental nature, where bituminous material 
specified kind used. 

Method which the party the first part furnishes both the 
labor and material, preferable cases where the amount and kind 
work are difficult determine, and where such nature that 
the contractors cannot make intelligent estimates the cost. 


Henry Assoc. Am. Soc. E.—This discussion Mr. 
tains the relative efficiency three methods carrying bitu- 
minous road construction. For several reasons, the arrangement 
between the contracting parties not satisfactory under the first 
method under either the others. The majority road con- 
tractors are inexperienced bituminous construction, and, therefore, 
the bids received are generally out proportion the actual cost 
the work, and most cases allow the contractor unreasonable profit. 
doing work this method necessary have the specifications 
covering the bituminous material ready the time the contracts are 
advertised, list the different brands material the market 
which will allowed the work must given the contractor. 
the contractor selects the material from the approved list, the cost 
all rejected material will have borne the party the first 
part, and, furthermore, bituminous materials manufactured to-day 
and given the same trade name vary much quality, the party 
the first part would taking great risk not obtaining good results 
far they may affected the material. the other hand, 
the bituminous material described the specifications, may 
found, during the progress the work, that, although has fulfilled 
the conditions imposed, not all satisfactory, and change may 
desirable. These changes may affect the the 
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material, that the cost manufacturing such product may 
considerably less than for that first specified. Although the contractor 
generally willing agree any changes specifications which 
increase the cost the work, provided due allowance made for the 
same the party the first part, unusual for him agree 
any reduction his contract price, although can clearly proven 
that any proposed change specifications would reduce the cost 
the bituminous material which obliged purchase. The same 
remarks are true regard the specifications the method 
doing the work. far the rate progress the work con- 
cerned, the speaker feels that, although more actual yardage may 
obtained per day when the work let contract, the quality apt 
sacrificed, the contractor much more interested the 
quantity than the quality. Extreme care doing the work one 
the essential elements successful bituminous roads. 

The only advantage that the speaker can see performing the work 
entirely contract the saving office labor that would ensue 
the party the first part furnished the bituminous material and had 
the work done labor account. 

When all road contractors have become familiar with bituminous 
road construction, and the engineers are well informed that they can 
specify certain bituminous material and method construction and 
know that the resulting road should good for definite number 
years, then the work could let out contract, and fair prices would 
probably obtained. the party the first part employed intelli- 
gent and competent inspectors, careful work the part the con- 
tractor would assured. The use guaranty clause the con- 
tract, however, rather doubtful expedient for securing good work. 
poor piece work can sometimes kept repair for the number 
years stipulated the guaranty small cost, but the end 
this period the road may need such extensive repairs that renewal 
would necessary. Moreover, the cost the maintenance for the 
years covered the guaranty has been paid the party the first 
part, because the contractor has made allowances for this his bid. 

The speaker has had considerable experience with the second 
method, which the bituminous material supplied the party 
the first part and the labor the contractor. The contracts were 
advertised ordinary macadam, and bids were received for stone 
place and grading. was decided after signing the contract that 
the work was bituminous construction, the contractor was 
informed, and separate agreement was drawn and signed both 
parties. This agreement covered the prices for labor furnished, all 
allowances for equipment,. ete., necessary for the bituminous construc- 
tion, and any deductions that were made from the contract price 
for work done labor account and already included the contract. 
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Although case did any contractor refuse sign the agreement, 
some were reluctant agree any deductions. The party the first 
part paid the contractor the amount the labor bills for the bitu- 
minous work, minus whatever deductions were agreed on, plus 15% 
allowance the remainder, and plus the allowances for equipment. 

Different methods construction were tried, and one road 
both the method construction and the material were changed several 
times, with objection the part the contractor. seems the 
speaker that reserving the right change anything connection with 
the bituminous work without having any trouble with the contractor 
great advantage. The party the first part, purchasing the 
bituminous material direct, saves any profit which might have been 
made the contractor had purchased it, and paying the 
actual cost the work plus allowance, can expected that 
the cost will low possible. 

The rate progress, doing the work this way, probably 
not great done contract. The labor, however, not the 
large item the total cost bituminous construction, and fair 
rate progress with the work done thorough manner should 
satisfactory. comparison this method with that doing the 
bituminous work contract came under the speaker’s observation two 
years ago. the first instance, the contractor had built bituminous 
pavement contract for cents per sq. yd. over and above the cost 
ordinary macadam. the second instance the conditions were 
exactly the same the first, far the parties the contract, 
location road, method construction, and materials were concerned, 
but the bituminous material was furnished the party the first part, 
and the contractor did the bituminous work labor account. The cost 
the work the second instance was cents per sq. yd. over and 
above the cost ordinary macadam. The price for the ordinary 
macadam was determined contract. allowance was paid the 
contractor for the use the extra equipment for the bituminous work 
(consisting two kettles, fuel, mixing boards, dippers, 
handled shovels), and also 15% profit the labor bill. For this 
work there were overhead charges except the extra equipment 
involved. The allowance made for this the party the first part 
more than paid the actual depreciation, and made the the 
labor practically clear profit. The price cents includes everything 
mentioned above, and is, therefore, the true cost which can fairly 
compared with the cost cents. 

Some contractors object this method, mainly because the work 
may slower than ordinary macadam were built. For example, 
ordinary macadam road work, but not possible any bitu- 
minous construction. The bituminous gang has paid such 
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times order keep it, and the men work, oftentimes 
disadvantage. With the better class contractors, this method has 
worked well, and the time for completion construction has not been 
much longer than ordinary macadam had been built. 

the speaker’s belief that this method the best the three, 
such, and that some clause added the extra work clause the 
general specifications include the bituminous construction extra 
work, subject agreement between the two parties. such course 
followed, the method fair the contractor, and should result 
good work low figure. 

The advisability using the third method, the party the first 
part furnishing all material and labor, depends great extent con- 
ditions. Excellent results ought obtained having the work 
done gang men trained specially for the purpose. the party 
the first part has also unhampered choice materials, there 
reason why those best suited the road could not obtained. 
There doubt that maintenance work and the application 
bituminous surface roads already constructed could accomplished 
economically this method, these particular branches the work 
not require either large gangs much equipment, and the rapidity 
with which the work can done allows few gangs trained men 
cover large territory. Any large amount new construction one 
season could not carried out the smaller municipalities and 
towns, account the large equipment required the work. 
places where efficient public works department maintained and 
other places where sufficient work contemplated warrant outlay 
for the necessary equipment, this method might used advantage. 

the bituminous work was done the mixing method, the 
speaker believes that could done economically establishing 
bituminous mixing plants points central the different jobs, and 
shipping the mixed stone ready put into place. There are 
several machines now the market which can great deal 
work provided they are properly set. and operated and the aggregate 
furnished quantities commensurate with their capacity. 

The success the third method, conditions warrant its use, 
depends large extent the efficiency the corps laborers 
and foremen employed the party the first creep 
most work, that oftentimes many incompetent men 
are employed, and, although civil service remedies this evil, almost 
impossible eliminate entirely. Many instances might cited 
where the labor cost doing the work this method cheap 


cheaper than the work was done contract, and still, gen- 
eral rule, the opposite true. 
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THE USE WATER, CALCIUM CHLORIDE, LIGHT OILS, 
ETC., DUST PALLIATIVES. 


Am. Soc. E.—In the discussion this topic the 
element road preservation excluded, except far the use 
the materials described may incidentally affect that problem. The 
field for discussion, therefore, narrow one, confined principally 
the relative merits and economy the various materials for allay- 
ing dust. 

The best known and longest used method making and keeping 
streets and roads dustless sprinkling with water. the same 
time may said the least developed process, far scientific 
study and application are concerned. Accurate and extended observa- 
tions the effect sprinkling roads and streets, the cost the 
process, the quantity water required, the best and most efficient 
method applying the water, and other pertinent matters have either 
not been made the results have not been published. any one 
doubts this, let him attempt obtain, from the scanty literature relat- 
ing the subject, reliable and consistent data any these points. 

Municipal engineers seem have always looked street sprin- 
kling every-day, matter-of-course operation, not worth serious 
attention and study, and not susceptible much improvement 
efficiency and economy. safe say that other municipal 
function process receives little intelligent attention and 
supervision. 

When the sprinkling season arrives, the usual programme 
equip more less unintelligent and uninterested driver with 
sprinkling wagon and hydrant wrench and turn him loose work 
his sweet will the street which assigned. His autocratic 
reign only interfered with, and then but temporarily, when outraged 
residents have the temerity complain the authorities supposed 
control. 

not surprising, therefore, that municipal engineers and the 
public have vague feeling that street sprinkling method dust 
suppression has proved more less unsatisfactory and inefficient; but, 
before condemning and advocating substitute, should have fair 
trial under the same conditions intelligent use its newer 
competitors. 

The cost efficient street sprinkling difficult determine satis- 
factorily from the data available. Where referred all municipal 
reports, the necessary conditions enable one deduce reliable 
figures unit cost are usually wanting. These reports indicate that 
the cost, exclusive water, ranges from less than cent cents 
per sq. yd. for the watering season, which usually extends from May 1st 
October 15th. The number square yards sprinkled once seldom 
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given, and the number times sprinkled per day per season 
varies greatly different cities, and different streets the same 
city, and there are other varying conditions taken into 
account, not possible get the unit cost from the avail- 
able records. practicable, course, estimate the theoretical 
cost very closely, but such estimates are less satisfactory than actual 
data from experience. 

The statistics available seem indicate that, exclusive the cost 
the water, the average cost per square yard per season about 
cents. The quantity water reported used variable the 
cost applying it. The figures vary from gal. per sq. yd. 
per season. Probably gal. fair average, and, $90 per 
1000 000 gal., the cost for water per square yard per season would 
about cent, making the average total cost less than cents per 
sq. yd. per season. Boston, where the accounts are now kept with 
the quantity water used 1909 was less than gal., and 
the total cost 2.1 cents per sq. yd. per season. the suburban 
City East Orange, for the same year, these figures were, respectively, 
gal. and 2.82 cents, including the cost water. 

asserted that street sprinkling generally conducted 
has not proved satisfactory, may replied that has seldom, ever, 
had fair trial. the surface the street were first cleaned, 
the practice before oiling, the objection that water makes the street 
muddy and sloppy would removed. the specifications required 
that the street surface kept constantly moist, regardless whether 
one daily sprinkling five were necessary, there would trouble 
from dust. Where the road material thus kept properly moistened, 
the wear the pavement from travel not greater than where light 
oil used, and conceded that, long the road material kept 
well moistened, the peculiar form disintegration called ravelling 
does not occur. 

cost, there good reason believe that with careful, intelli- 
gent, and economical management, including the restriction the 
quantity water used that actually necessary, would not much 
exceed the average cost the work now unsatisfactorily done. 
Ordinarily, least, should not exceed cents per sq. yd. per season, 
and this figure may safely used for comparison with other methods. 

chloride has not been used very extensively the United 
States, and, the speaker correctly informed, this process now 
practiced large only one city—Boston, Mass.—where 
its use has been developed with intelligence, through several years. 
There, the speaker believes, considered fairly successful and satis- 
factory. According the Report the Superintendent Streets 
for the season 1909, 408 511 sq. yd. roads and streets were cared 
for during the season this process, average cost about 
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cents per sq. yd., nearly double the average cost the total 
sprinkling the city. This comparison, however, may not entirely 
just, because the treatment was used only two districts—West 
Roxbury and Dorchester—and, the report gives the separate cost 
sprinkling these districts, will probably fairer compare the 
work them alone, where the average cost sprinkling was some- 
what less than cents per sq. yd. for the season. The areas treated 
the process and water were approximately the same. 

reported that the average length time between treatments 
was days. Experience other places seems indicate that more 
frequent treatments are necessary, order keep the streets satis- 
factorily free from dust. some extent, the permissible period 
between treatments depends the humidity the air, and, therefore, 
one would expect that seacoast cities single treatment would 
remain effective longer than inland cities. Where long period 
elapses between treatments, natural expect that there are 
many days when the humidity very low, and the streets become 
unpleasantly dusty. Observations show this the fact. During 
days such low humidity satisfactory condition freedom from 
dust can secured only resorting sprinkling with water, 
order supply the deliquescent salt with the necessary moisture. 

the whole, there seems nothing the experience 
American cities warrant preference for this process, since 
appears less effective and more expensive than sprinkling. 

The use mineral oils for allaying dust now quite popular with 
city and road officials, and with the public. The speaker’s remarks will 
confined the consideration the lighter mineral oils, applied 
primarily for suppressing dust. That the proper application light 
oils will suppress dust effectually for some length time undisputed; 
but, the use this material more satisfactory, effective, economi- 
than sprinkling with water? answer this question positively 
requires more complete and accurate data than are yet available. 
Judging from such facts are now obtainable, however, the speaker 
believes that may safely answered the negative. discuss the 
matter with any degree fullness would require more time than now 
allowed. 

That the oil, for few days after its application, nuisance 
the streets and results little damage personal property will 
conceded. The length time for which single application will 
effective depends, course, various conditions, which, unfortu- 
nately, are not often given clearly the records. 

these reports the impression often conveyed that the oil 
treatment effective for the whole season, while, fact, neces- 
sary resort the use water for part the time order 
lay the dust. practice often found advisable not apply 
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the oil until the weather becomes settled and the street well dried out, 
and, where only one application made, the street frequently becomes 
very dusty before the end the season. such cases sprinkling 
often resorted for part the season. For instance, suburban 
street, which the writer lives, was treated with coat oil 
May 7th. July 1st the street had become very dusty, and sprin- 
kling with water was resumed until July 20th; then second coat 
oil was applied, which kept the street good condition until about 
October 1st. The total cost sprinkling with water this street 
for the season was 1.13 cents per sq. yd. many such cases the fact 
that sprinkling had used for part the season not 
mentioned. 

far the oiling tends make the surface the street 
impervious water, promotes ravelling, due the absence 
moisture. The street referred above was thus affected toward the 
end the season, there was little rain, whereas, during the previous 
season, which was also dry, the street was sprinkled with water only, 
and ravelling appeared. During the previous year the contract 
cost sprinkling for the season was less than $400, including the cost 
water, while the cost oiling the present year was about $600, 
exclusive the supplemental sprinkling. The oil was not more 
effective than water preventing dust; was clearly deleterious 
the macadam, and was 50% more expensive. remarked, 
also, that this case the cost the oiling was unusually low. the 
extra cost oiling had been incurred securing superior job 
sprinkling with water, there can reasonable doubt that the condi- 
tion the street would have been decidedly more satisfactory during 
the season. 

One objection oiled streets (observed the case previously 
mentioned) seems have attracted little attention, but, nevertheless, 
worth noting. During the period when the effectiveness the 
oil declining and the street becoming semi-dusty, high winds pick 
the more less oily particles dust and deposit them the 
houses the clothes passers-by. This oily dust has great 
for soiling articles which settles, and difficult 
remove ordinary means. 

Other methods allaying dust streets and roads have been 
proposed and tried, but, they have not proved acceptable 
economical, they need not referred brief discussion like this. 

Summing the conclusions, may asserted confidently that 
method suppressing dust, thus far discovered, more effective 
and economical than sprinkling with water. Why not, therefore, drop 
the fads which are being exploited before the public, and turn attention 
developing and perfecting this old method, applying the same 
study, care, and efficient management that are devoted other lines 
municipal work. 
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The speaker believes that there practical mechanical 
difficulty developing power sprinkler which will have double the 
water and speed capacity the old sprinkling wagon, and which, 
one passage along street ft. wide, will sprinkle the whole surface 
effectively from curb curb. Proper specifications and rigid super- 
vision would accomplish revolution the work, both from the stand- 
points efficiency and economy. 

great majority cases, the common objection that sprinkling 
the country highways impracticable because the frequent absence 
water supply, may overcome temporarily installing suitable 
power pumps streams and ponds. Where this not practicable, 
high-speed power sprinklers would make possible obtain the water 
from comparatively distant sources without increasing the cost the 
work materially. With proper watering, the durability country roads 
during dry seasons would increased much that the sprinkling 
might almost result profit. 

What seems most needed, for satisfactory consideration 
this subject dust suppression, the application economic and 
business principles the several methods, and the collection and 
dissemination full and accurate data relating each. Until such 
principles are applied, and such data are collected, the indefinite and 
unprofitable discussion, common the present time, will continue. 


Wickes, Assoc. Am. Soc. E.—In Baltimore, Md., after 
experimenting for several years with both light and heavy oils, was 
finally decided that, from the standpoint alone dust-layer, 
emulsion was efficient and much more economical than any the heavy 
oils. Accordingly, during the season 1910, nothing else was used. 

The emulsion was prepared under the specifications the Street 
Cleaning Department. The first three carloads oil ordered the 
spring were shipped iron drums, each containing about 110 gal. 
These drums were distributed teams the various macadam streets. 
All subsequent quantities oil were delivered tank cars, and the 
drums were used for unloading the cars and for storage purposes. 
There was quite appreciable reduction the freight charges this 
method, and probable that considerable saving was effected. 

The method removing the oil from the tank cars and filling the 
drums was follows: The yard where the filling was done had rail- 
road siding which was high enough allow the oil flow gravity 
through 4-in. pipe attached the bottom the car and empty into 
the drums. What known tank-car coupling was used the 
bottom, and the coupling the size the outlet pipe was reduced 
from Below this there was short 4-in. nipple, with 4-in. 
stop, and 4-in. bolted flange union. This stop and union were used 
when the railroad company had shift the that the flow oil 
could stopped and the car quickly disconnected. From this union, 
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4-in. wrought-iron pipe was laid for distance ft., with 6-in. 
fall that the oil could flow freely. the end the 4-in. pipe there 
was cross, and from this there were two 2-in. wrought-iron pipes 
with stop-cocks, that two drums could filled the same time. 

From time time some difficulty was caused lumps asphalt 
clogging the pipe and impeding the flow oil; this, however, occurred 
only chilly weather. such times the asphalt base the oil con- 
gealed and formed large lumps, and was then found necessary 
stir the oil the car, order make flow freely into the 
drums. The outlets these two 2-in. pipes were high enough 
permit the drums rolled under them, and large funnel was 
sometimes used filling. 

There was great difficulty times removing the oil from the 
drums with the siphons, because they became clogged, and there was 
not sufficient pressure the plugs lift the oil from the drums. 
This was noticed particularly the low-pressure plugs; the high- 
pressure plugs there was difficulty. 

The first application was made with 20% oil 80% water. 
the second and subsequent applications the percentages oil varied 
from the weather conditions and the amount 
traffic the road. was found necessary treat some the 
heavy-traffic roads once week; some the lighter traveled thorough- 
fares were treated only once weeks, which was found 
sufficient. The length road treated aggregated about miles, with 
area 441 263 sq. yd., total cost 085.63; which amount, 
583.92 was for oil and $3501.71 for distribution and application. 
These two amounts include all the expenditure for this work, with the 
exception the water used and supervision. The entire supervision, 
however, was done the speaker the course the discharge 
other duties, that additional expense was incurred this 
account. Hence the cost per square yard was trifle more than 
cents ($0.0206), which less than one-half the cost applying any 
the oils used this work. 

The fact that not single complaint was received relative dust 
any the roads treated above described good and sufficient 
evidence that the work was done well and efficiently. 

For the benefit those who are contemplating the use emul- 
sion instead straight oil for the treatment roads, synopsis 
the specifications and report Messrs. Penniman and Browne, the 
chemists who made the tests the material, are given: 


SPECIFICATIONS FOR THE COMPOUND. 


The compound must mix with water form emulsion perfect 
that can applied roads ordinary sprinkling wagon with- 
out noticeable separation clogging the jets. must free from 
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objectionable odor, and must consist least 75% asphaltic oil 
base. 


This asphaltic base must have the following characteristics: 


(1) When grammes the material are heated for hours 
dish, in. diameter, 205° cent., the weight the residue shall 
least per cent. 

(2) When grammes are heated for hours flat-bottomed 
dish, in. diameter, temperature 105° cent., the loss 
shall not exceed per cent. 

(3) The percentage “free carbon” shall not exceed per cent. 

(4) The percentage shall not exceed per cent. 

(5) The consistency the base shall such that cu. cm. shall 
flow through Engler instrument not less than 185 sec. nor more 
than 300 sec., 100° cent. 

(6) The consistency shall such that Lunge tar tester will sink 
the mark, 1.4, not less than sec. nor more than sec. 
25° cent. 


SPECIFICATIONS FOR THE ASPHALTIC OIL. 
These are the same indicated above, except that the base itself 
specified and the following clause added: 
(7) must form proper emulsion, using the method the Street 
Cleaning Department Baltimore City. 


Dissolve common resin soap 30% water and bring 
temperature 50° cent. Put this soap solution churn and add 
65% oil the same temperature, churn for min. and run into 
barrels tanks through cooler which reduces its temperature 
21° cent. less. portion the compound prepared this way 
must remain unchanged for hours temperature 38° cent. 
When 20% the compound mixed with 80% water 32° cent. 
the emulsion formed must remain without separation for hours. 

THEORY THE SPECIFICATIONS. 

The base specified that sufficiently liquid broken 
the paddles the churn 50° cent., but, being cooled 
25° the small particles not run together, being covered with 
film soapy water. The temperature 38° cent. also inserted 
additional practical safeguard prevent the concentrated emulsion 
from breaking down before use. The dilution test introduced for 
the same reason. The manufacturer the base thus compelled 
test his product according the foregoing method procedure, and 
shipments are rejected they are not suitable. 

The churning arrangement not very important, provided the 
action that beating and not merely stirring. butter churn 
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efficient, but rather expensive first cost and power; several paddle 
wheels attached the vertical shaft have been found work 
ciently, and are cheaper. churn having capacity from 300 
500 gal. convenient size. necessary heating tanks are evidently 
matters individual requirement, and require description detail. 
The process most likely break down through lack cool- 
ing between the churn and the storage tanks. ‘The cooler should 
capacity chill the material, and, course, must well 
supplied with water and have proper arrangements for heating and 
storage. men should have difficulty making from 
batches per day. 

Jun. Am. Soc. E.—The speaker’s experience has 
been mainly with bituminous construction, but, during the past season, 
300 sq. yd. macadam and gravel surface have been treated under 
his supervision with light refined coal-tar, for the purpose laying 
the dust and incidentally preserving the road pertect dust 
layer should also prevent the road surface from “potting out” 
ravelling. 

The general method application was follows: After the sur- 
face had been thoroughly swept, thin refined tar gal. per sq. yd.) 
was applied pressure-tank wagon, sprinkler wagon, some 
form hand-dipper. few hours the surface was covered with 
grit. Both pea stone and fine gravel were used, and cu. yd. 
material usually sufficed cover 120 sq. yd. surface. Where the 
entire road only portion could closed and guarded for hours 
after spreading, the coating grit was not always necessary. ‘The 
average cost this work Massachusetts was from 
sq. yd., including all materials and labor. 

With this treatment, macadam gravel road fair condition 
will become hard and free from loose grit the course about 
days. The surface then remains condition for the season, and, with 
re-treatment gal. per sq. yd. the fall following spring, will 
good condition for second year. The second treatment may 
applied greatly reduced cost. 

various localities thin asphaltic oil laid practically the 
same way some streets, while others, where desired have 
clean and hard surface which will remain good condition through 
rainy and variable fall weather, refined coal-tar preferred. Since 
tarred surface hard, and does not assimilate all foreign matter 
dropping it, but easily allows the street cleaned hand 
Nature, tar materials usually remain intact during the entire season, 
end some cases throughout the winter. 

one large city Maine, where refined coal-tar was used for 
dust-laying large area, but where larger quantity per square 
yard was applied than customary, dustless surface has been 
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existence for years, with maintenance cost whatever. This 


not considered heavy film treatment, the surface was 


mosaic, and the tar was absorbed the road materials. 

very and economical way applying thin tar for dust 
prevention using 500-gal. tank wagons, fitted with auxiliary 
pressure tanks for blowing out the material through suitable nozzles 
under pressure. The use hose with nozzle very practical 
method distributing all light materials, and when they are delivered 
pressure, the spreading coat the square yard easily 
accomplished. Two applications this quantity material during 
the first year, followed one coat during the second year, will suffice 
keep the surface macadam road first-class condition. 


Ross, (by the palliatives used mr. 
Newton, Dustoline and various oil emulsions are the greatest interest. 


Dustoline was used about 40000 sq. yd. one the main 
thoroughfares, and the cost for the season was less than cents 
per sq. yd. roadway. 

The principal emulsions used the streets included the street- 
sprinkling system are “Terracolio” “Headley’s Dust Preventive 
No. 1,” “Speare’s Road Binder,” and “Standard Emulsifying Road 
Oil.” These were mixed the proportions and rate 500 gal. 
the emulsion 500 gal. water, and sprinkled the roadway from 
ordinary water cart. Most these materials last from weeks, 
according the weather. 


SURFACE TREATMENT WITH TARS, HEAVY OILS, ETC. 


Ross, Ese.* (by last few years have 
witnessed increased use various materials for the treatment 
roads, with view their preservation, well the prevention 
dust. The methods have been two classes, namely, improved 
processes road construction, and surface treatments. 

With the advent the automobile, new conditions confronted 
road engineers, and they were forced decide once whether they 
would use materials for simply suppressing dust, such oils 
emulsions which act partly binders, bituminous liquids which 
would prevent wear and disintegration forming water-tight wear- 
ing coat. 

The continuous and fast motor traffic which roads are subjected 
denudes them the fine cementing surface material. The effect 
such stone roads has been the subject much study high- 
way engineers nearly every civilized country, and many theories 
have been advanced account for the injury the roads. has 
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been generally agreed that the suction the pneumatic tire the 
surface the main cause the trouble; but recent address, 
Logan Waller Page, Am. Soc. E., advanced the theory that the 
great tractive force, longitudinal shear exerted the driving wheels 
motor cars the main cause the injury. This doubtless due 
largely irregularities the surface the road. The slip, 
course, increases the quantity finely-divided surface material which 
thrown into the air, and, the amount damage increases 
proportion the irregularities the road and the speed the car, 
the effect will greatly reduced the road has smooth surface. 

The prevention dust offers two distinct problems: the first 
place, the question naturally arises the methods adopted 
the construction new roads order bring about the desired 
properties freedom from dust and low cost maintenance. The 
second problem that the treatment roads already existence, 
prevent wear and disintegration. 

There are two general methods which such roads are treated 
remedy the dust nuisance, although difficult draw definite 
line between them. The first sprinkling the surface with any 
the emulsions, and the second treating the road with binding 
material that only minimum amount dust will formed. The 
first method suppressing the dust necessity temporary ex- 
pedient. Water, salt solutions, light oils, emulsions, come properly 
this class. the second method, obvious that the essential 
properties preservative are its binding power and durability. For 
this reason, and way distinction from temporary treatments, 
materials for this purpose can properly called permanent binders. 
Such materials tar and heavy asphaltic oils are included this 
class. must pointed out, however, that the word “permanent” 
only used relative sense, and that binders which application 
will last least one whole season, are included under this head. 

The principal agencies which tend cause deterioration tarred 
and oiled roads are frost, heavy rains, and decaying organic matter 
the surface the road. the writer’s opinion, this last mentioned 
cause more destructive than either the others, and, for this reason, 
after street treated, should swept, hand sweepers other- 
wise, often enough keep clean. far can judged from 
experiments, one kind road resists the action these agencies 
well another. 

Oil, rule, penetrates better than tar, but its value the 
asphalt base, and, before the maximum binding power reached, the 
more volatile constituents the oil must evaporate, which slow 
process. properly treated road should resemble sheet-asphalt pave- 
ment, although more resilient character. The surface 
material all bonded together the binding material, forming 
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smooth, firm surface which can cleaned the same manner 
sheet-asphalt pavement. 

Probably early 1894 crude oil was used for road treatment 
Santa Barbara, Cal. 1898 six miles road were treated 
Los Angeles County, simply with the idea laying the dust. The 
experiment met with astonishing success, and the practice spread 
rapidly. The oil not only stopped the dust nuisance, but bound 
together the particles the road surface, forming tough layer 
resembling asphalt pavement. Since California made these first experi- 
ments, oil has been used extensively many parts the country. 
has been found that the quality the oil used the utmost 
importance. 

Too much stress cannot laid the fact that the street must 
thoroughly clean before any the material applied. not 
necessarily advisable have the road surface absolutely dry, practice 
having shown that the oil has tendency adhere the dry dust 
the road. This can prevented sprinkling the surface with water 
two three hours before the work done. The oil then pene- 
trates, and prevents the pulling the oil and sand. 

The writer has tried most the asphalt preparations use the 
present time for preserving the road and rendering dustless, and 
has classified these three grades, follows: 

Grade A.—This asphaltic oil, sufficiently fluid applied 
the roadway atmospheric temperature, and used the surface 
finished road. will effectually bind the material the road, 
render water-proof, and protect from wear traflic all kinds. 
Automobile traffic tends iron out and improve it, rather than 
destroy it. renders the surface resilient and elastic, and provides 
agreeable tread, both for horses and vehicles. 

Grade B.—This heavier material than Grade used 
for the building new roads, for resurfacing reconstructing old 
ones, and applied hot the second course stone, set forth 
the specifications under what engineers define the “Penetration 
Method.” makes solid bituminous road, extending from in. 
below the surface, and will last and remain dustless for several years. 

Grade C.—This semi-solid bituminous product, and used 
building resurfacing roads the “Mixing Process.” produces 
hard, smooth, dustless roadway, absolutely water-proof, and cemented 
solidly that pickaxe cannot displace disarrange without great 
effort and labor. 

West Newton, Mass., since adopting the new methods work, 
large quantities Oils, Tarvia, Tarite Asphalt, and Stand- 
ard Macadam Binder have been received. The materials come tank- 
which are heated and unloaded the following manner: The 
first connected with small steam boiler, and heated tem- 
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perature about 100° Fahr., thus rendering the material thin enough 
flow through the hose the bottom the car, which rests 
trestle about ft. above the surface the ground. 

When adaptable the work, Studebaker tank-wagon used 
applying these materials the roadway. This wagon consists 
steel tank, holding about 550 gal., with forty perpendicular tubes, in. 
diameter, passing through it. Under this tank two large burners 
are supplied with kerosene oil forced pressure. The fire-box, 
extending the whole length the tank, gives even heat. The 
material applied through sprayer spreader which perforated 
that the oil trickles down the roadway very fine streams, 
covering thoroughly one application. the writer’s opinion, 
this very satisfactory way applying any heavy asphalt, the 
material can readily heated, and can applied large small 
quantities, the flow being controlled valves which can regulated 
that they will spread small quantity gal. per sq. yd. 
applying these materials better close half the roadway time, 
leaving the other half open traffic. 

Asphaltoilene was used 1907 two roadways Newton, 
surface about 16822 sq. yd. being treated the manufacturers’ 
contract price, cents per sq. yd. present these roads are very 
good condition. 

Several macadam-surfaced streets, having varying grades 
maximum 9%, and subjected heavy horse-drawn and automobile 
traffic, were selected for the liquid-asphalt treatment. The method 
used was follows: quantity sand was heated temperature 
about 200° Fahr., dumped pile, and leveled. The asphalt was 
poured over the hot sand the proportion gal. each cubic foot 
sand, and then the whole mass was turned with shovels mixed 
concrete mixer (the latter being preferable account cost). 
This work was done the pit. The mixture was teamed the work 
and spread the roadway depth less than in., being raked 
even with 14-tooth wooden rakes. was not considered neces- 
sary, and the street was kept open for traffic all times. The cost 
this treatment was about cents per sq. yd. has the advantage 
leveling and building the surface the road, each new application 
providing new wearing surface. This work has remained perfect 
condition without further expense since the summer 1909. 

Some cities have had very good results using the following 
process for patching. Gravel from ordinary gravel pit run 
through screen, using little more than gal. the asphalt- 
oilene, any the heavy oils, cubic foot gravel. better 
heat the oil the gravel, unless the work done the summer, 
which there need heating. quantity material can 
prepared the pit and kept ready for use short notice. The 
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writer has found that the best time apply this treatment after 
heavy rain, all the depressions the roadway show little pools 
water, and these are filled with the mixture and the surface 
raked, saves the expense resurfacing the entire street. 

The idea applying tar the surface broken-stone roads 
probably originated with Italian physician, Doctor Guglielminetti, 
the method being first applied the streets Monaco. The first 
authentic mention practical application coal-tar the surface 
completed macadam road was 1880, when street near Bordeaux 
was given surface treatment. The results were unsuccessful, but 
years later similar experiment was made Melbourne, Australia, 
with much better results that the practice was continued. More 
care was taken this experiment, the road surface being first cleaned, 
and after the tar was applied the road was given covering fine 
crushed stone. The results showed that tar had considerable value 
dust-layer cementing the surface the road together, thereby 
preventing its deterioration. The wear the road was diminished, 
and consequently the cost maintenance was very materially reduced. 
Since that time, other experiments have been tried, France, Eng- 
land, and the United States. The use tar road surfaces the 
United States has been confined largely the East and North, except 
few instances where the park authorities the larger cities have 
made some experiments. 

One the first experiments any importance the United 
States was made Jackson, Tenn., the summer 1905. The 
United States Office Public Roads, co-operation with Mr. Samuel 
Laneaster, City Engineer Jackson, made series careful 
experiments determine the value coal-tar treatments broken- 
stone roads. These experiments created such widespread interest that 
similar ones were made different sections the country. 

The State Massachusetts was among the first use Tarvia, 
number cities the vicinity Boston, well the Metropolitan 
Park Commission, and the State Highway Commission, treating 
several miles roadway. about this time Rhode Island and 
New York were using Tarvia and other tar preparations their State 
roads and streets with good results. The foregoing experiments show 
conclusively that specially prepared tar has given better results than 
any the crude tars use the present time. 

Newton the first Tarvia was used section the boulevard, 
September, 1906. The roadbed was first repaired and shaped up. 
The area covered was 500 sq. yd., and the cost was cents per sq. yd. 
This section has not received any repairs the present time, and 
apparently first-class condition every way. 

1907 section road, the macadam surface which had 
become badly worn, was treated follows: was spiked with 
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the roller and covered with light grouting 1:2 Portland cement 
mortar, which was spread evenly over the entire surface, and penetrated 
into the stone such way bind the whole material together. 
was then smoothed off with large street-sweepers’ brooms. The road 
was closed for about days, giving the cement time set. After this 
was opened traffic and used for about year. Then the surface 
was swept with ordinary horse-sweeper, and covered with thin 
coating Tarvia heated temperature about 170° Fahr., 
which adhered readily the cement, giving smooth and satisfactory 
surface. This still remains first-class condition, after period 
about years. small portion the same street second 
coating cement grout was applied and covered with Tarvia This 
experiment was for the purpose ascertaining whether the materials 
would adhere and form satisfactory surface. has proved all 
that was expected. 

recommending the use the different tar treatments, well 
bear mind that they are better adapted macadam than gravel 
surfaces, because the surface likely become broken unless the 
foundation solid enough carry the load, and, once broken, deterio- 
ration very rapid. The asphalt oils, however, can applied 
either. They stand the winter weather without breaking, and the 
spring are smooth when built. 

Within the past two three years, since the automobile came 
into general use, many engineers have almost come the point 
deciding against the construction macadam roads. While this may 
true relates water-bound macadam, yet, view the small 
cost building and maintenance, compared with the more expensive 
forms laid pavements, questionable anything better than 
macadam has yet been discovered for modern traffic towns and 
small cities, provided bound surfaced with bituminous prepara- 
tions. Experience has shown that macadam road properly 
treated when first built extensively repaired with any the fore- 
going bituminous binders, the results will satisfactory; and, con- 
sidering the difference cost between the old form water-bound 
macadam and the new method using bitumen, the amount very 
slight compared with the advantages roadway which water-proof, 
dustless, easily cleaned and repaired, and will endure both horse-drawn 
and propelled vehicles. The automobile not much 
dreaded was first supposed. road properly treated will 
stand the traffic automobiles and horse-drawn vehicles and wear for 
many years would without mechanical traction. 

The progress which has been made the past years very 
gratifying. The time has now arrived when engineers must require 


effective construction possible, which practice always the 
cheapest the long run. 


Re 
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tion the speaker, about miles road Maryland were treated 
with various tars and heavy oils, most this work being newly 
finished water-bound macadam. For the sake conciseness, the 
information concerning this construction submitted Table 

For the road between Baltimore and Washington, portions 
which had been improved with water-bound macadam previous 
years, the information given concisely Table 

The traffic over the roads mentioned Table has been counted 
and given Table 

The traffic over the sections the Baltimore-Washington Road 
has been counted, and given Table 

September, 1908, year-old stretch water-bound, trap- 
rock macadam, fair condition, ft. wide and ft. long, was 
swept thoroughly, and coated with refined water-gas tar the extent 
1.08 gal. per sq. yd. coating stone chips was then applied 
sufficient quantity take any excess tar which did not penetrate 
the road itself about hours. The chips were then well rolled. The 
cost was follows: 


Pitch (at cents per gal. 6.6 cents per sq. yd. 
Stone chips (at $1.75 per ton de- 

Labor and incidental expenses..... 


This section has been, and now, entirely satisfactory 

condition; has not needed any attention expense since construc- 
tion. The traffic this road, counted recently, was: 


Single 

Double vehicles............... 

(or more) horse vehicles.... Average traffic per 
Runabouts 


impossible give the ultimate cost the above work now, 
the data when re-treatment will necessary are unknown and 
present not even sight. 

addition the foregoing, material, which might perhaps 
included “Heavy Oil,” for the purpose reporting under 
this topic, has been tried. 

November, 1909, section Park Heights Avenue, about 
miles from the City Limits, was treated simply spraying “Glutrin” 
from ordinary sprinkling cart the surface. The quantity used was 
1600 gal. 2300 sq. yd. water-bound limestone macadam which 
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TABLE 
Total cost of 
Road, reference No., and Length, Width, Kind material Material used for surface Covering used and treatment, per 
Z ‘ when done in in | in macadam treatment, and quantity quantity per square yard, or 
miles. feet. per square square contract price. 

November, 1910. ings. 0.597 gal. 18.64 Ib. 

0.492 gal 


Contract price. 
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TABLE 


Section, and when 
macadamized. 


Section No. 

Section No. 


Section No, 


Section No. 
1906 ..... 
Section No. 2A. 
Section No. 4A. 
Section No. 8A. 
Section No. 8B. 
Section No. 12B. 


Section No. 12A. 


Section No, 14A. 


Section 


Length, 


in 


miles. 


Cost 
repairs 
macadam, 

per 
square 
yard. 


Width, Material 


feet. macadam. 


Limestone. 


Limestone. 
0526 

Trap rock. 


Trap rock, 


Gravel 0.0496 + 


Trap 0.0165 


Trap rock. 0.0145 


‘ 

oan) 
0.0245 
\ 


Trap 
Limestone. 


0.0704 


0.0225 


Limestone. 


Limestone. 


Limestone. 


Trap rock. 0.104 


Kind material 
used for surface 
treatment, 
and quantity 
per square yard. 


Cost surface 
treatment, in- 
cluding covering, 
per square 
yard, 


Covering used, 
and quantity 
per square 
yard. 


Total cost 
repairs and 
treatment, per 
square yard. 


Standard No. 
gal. 
Standard No. 
0.442 gal. 
Standard No. 
Fairfield 
0.54 gal. 
Standard No. 
0.508 gal. 
Standard No. 
0.6725 gal. 1 
Standard No. 
0.547 gal. 
Asphaltoilene. 
0.564 gal. 
0.564 gal. 


Asphaltoilene. 
0.564 gal. 


Asphaltoilene. 
0.564 

Asphaltoilene. 
0.564 gal. 


Standard No. 
0.457 gal. 


| 
| 


Pea gravel. 
18.49 lb. 
Pea gravel. 
18.31 Ib. 0.086 
Pea 
13.26 

Sand. 
12.05 Ib. 

Sand. 
12.30 Ib. 

Sand. 
13.33 Ib. 


0.025 
0.084 
0.081 
0.05 
0.05 
0.05 


0.05 


0.05 


Sand and) 
gravel. 
26.046 Ib. ) 


0.028 


0.083 


0.19 
0.048 


Pitching done contract. 
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was built 1908, and November, 1909, was still very good 
condition. The limestone was the white variety, rather soft, though 
highly cemetitious. The “Glutrin” was spread about ft. beyond each 
edge the 12-ft. wide macadam, the shoulder material was 
ordinarily poor quality. The traffic over this section road had 
been fairly light, and, until the fall 1910, the “Glutrin” treatment 
was visible and seemed have had some good effect. The road 
surface the treated section was less friable and less dusty than the 
untreated macadam the same road immediately beyond. The cost 
this “Glutrin” treatment 1909 was about cents per sq. yd. 
During 1910 branch road was opened into Park Heights Avenue 
about the middle the section, and hence the 
traffic over part greatly increased. 


TABLE 


TRAFFIC PER Day 


| | 
TABLE 4.—Averace Trarric Day 10.5 
| s. 
2-A 151 26 | 0 1 1 1 1 3 1 
12-A 233 98 2 2 0 3 6 20 10 0 
14-A 267 142 3 4 0 rf 4 33 5 0 


The following recent count below the branch road referred to: 


Omnibuses 


was decided treat the main road below the branch road with 
bituminous material, which was done. The remainder this road. 
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its end (about ft.), needed some repairs the macadam. These 


Mr. 


were made water-binding methods, average cost 


per sq. yd., the basis the total area the macadam 
the road, the road was built 1908 and had received practically 
maintenance. Then “Glutrin” was applied the macadam through 
ordinary sprinkling wagon. 

The proportions used were gal. “Glutrin” gal. water, 
0.426 gal. “Glutrin” per sq. yd. macadam. was sprinkled 
about ft. outside the edges the macadam. The work was completed 
about December Ist, 1910. cost was follows: 

Repairing macadam................. $0.276 per sq. yd. 


The traffic this section, counted recently, was: 


Two-horse 
Four-horse 
Six-horse ........ 
Runabouts ...... 
5-seat cars.. 


ee 


bo 


ro 


nee 


doubt, the most vital question 
considered connection with the surface treatment macadam 
roads with heavy oils is: Under what conditions will such treatment 


prove satisfactory? Apart from the condition the road surface 


before treatment, the character the oil, and the method applica- 
tion, most important factor the traffic which the road is, 
will be, subjected. Considerable attention has recently been paid 
the first three, but the last seems have been overlooked great 
extent, least, far available data are concerned. 
this factor—the effect traffic macadam roads surfaced with heavy 
oils—that the speaker wishes call particular attention. 

Granting that given road good condition has been treated 
properly with good grade oil, experience indicates that horse-drawn 
traffic will damage the surface mat oil and stone 
greater extent than avtomobile traffic. fact, the latter, not ex- 
cessive, seems certain ways beneficial such surface, 
keeping smooth and well compacted. traffic, the 
other hand, tends and roughen the oi] mat, and the ruts and 
marks are not ironed out promptly the passage motor 
vehicles, the mat apt disintegrate and preduce oily, disagreeable 
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mud wet weather. general, may said that such damage 
most pronounced during cold, rainy weather, and that oil-surfaced 
road will prove most unsatisfactory such times. This being true, 
particular attention should paid traffic conditions during bad 
weather. 

ascertaining from previous experiments under what conditions 


surface treatment will prove satisfactory, the following facts are most 
necessary 


(1) The volume traffic bad weather; 

(2) The proportion horse-drawn vehicles motor vehicles 
during bad weather; 

(3) The character both classes traffic during bad weather. 


certain instance has come under the speaker’s observation: Two 
macadam roads, good condition, were treated the same manner, 
and with the same oil, shown analysis. One these roads 
proved quite good throughout the year, while the other was far 
from satisfactory during bad winter weather, which time oily 
mud was formed over the surface depth about in. Eventually, 
this mud had removed. The oil was heavy semi-asphaltic 
residuum, barely fluid enough apply cold satisfactory manner. 
The following are the specifications for this oil: 


SPECIFICATIONS Roap 


This oil used cold the surface treatment clean, well- 
consolidated macadam roads. 


(1) The oil shall viscous fluid product, free from water, and 
showing some degree adhesiveness when rubbed between the fingers. 

(2) shall have gravity not less than 0.940 25° cent. 

shall soluble carbon bisulphide, air temperature, 
least 99.0%, and shall show not more than 0.2% inorganic matter 
insoluble. 

(4) shall contain not less than 3.0%, nor more than 10.0%, 
bitumen insoluble 86° Baumé paraffin naphtha air temperature. 

(5) When 240 cu. em. the oil are heated Engler viscosim- 
eter 50° cent. and maintained this temperature for least 
min., the first cu. em. shall flow through the aperture not less 
than min., nor more than min. 

(6) When grammes the material are heated for hours 
tin dish, approximately in. diameter and in. high, 
constant temperature 163° cent., the loss weight volatiliza- 
tion shall not exceed per cent. The residue should decidedly 
sticky. 

(7) Its fixed carbon shall not less than 3.5 per cent. 


census the two roads, taken various days during 
bad weather, showed that was quite uniform such times. For 
both, the traffic consisted mainly automobiles, light carriages, and 
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delivery wagons, heavy trucking being allowed. The maximum 
traffic the road good condition amounted vehicles per hour, 
while the road bad condition there were 127 vehicles per hour, 
giving proportion about This proportion was practically 
the same for each hour taken. the road good condition, auto- 
mobiles were counted for every horse-drawn vehicles, while the 
bad road the proportion automobiles horse-drawn vehicles was 
approximately view the fact that neither these 
roads can the volume traffic considered excessive, seems 
probable that the difference results can attributed directly the 
greater proportion horse-drawn vehicles motor vehicles. 

course, too great reliance should not placed single set 


observations, but the following facts would seem indicated from 
these experiments: 


(1) With the type oil used, satisfactory results may expected 
when the automobile traffic excess the horse-drawn 
traffic during bad weather; 

(2) With this same oil, unsatisfactory results may expected 
when the proportion horse-drawn vehicles double that 
motor vehicles during bad weather. 


the speaker’s opinion, the danger line lies much closer the 
point where the proportion horse-drawn vehicles just exceeds that 
motor vehicles during bad weather, but this remains proved. 
would seem reasonable, however, expect that the number auto- 
mobiles must equal the number horse-drawn vehicles order 
that the marks the oil mat made the latter may ironed out 
fast formed. 

The limited time necessarily allowed for these discussions makes 
impossible enter into much detail might desired, and 
therefore the speaker will conclude with the suggestion that future 
surface treatments, careful records traffic during bad weather 
kept, order determine when such treatment can expected 
prove satisfactory. This information should particularly valuable 
those who have occasion treat park and pleasure drives, surface 
treatment would seem the greatest value roads that type. 


Am. Soc. E.—The extent and the 
the future use surface treatments the United States 
depends the development economical and efficient methods for the 
distribution bituminous materials, the use methods and materials 
adaptable local conditions, the construction macadam and gravel 
surfaces such manner suitable for the effective superficial 
application bituminous materials, and the adoption efficacious 
system continuous maintenance, including the installation proper 
plant equipment. That superficial treatments are entirely satisfactory 
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from the standpoints economics and efficiency when the above 
conditions are fulfilled, the practice English and French engineers 
during the past five years clearly demonstrates. 

The present seems opportune time discuss some the 
disputed points relative methods and materials used connection 
with surface treatments. Not only there decided difference 
opinion among American engineers the value various methods 
and materials, but foreign engineers—especially the English and 
French—also hold widely divergent opinions with reference certain 
Among the points which should engage the attention 
engineers are the following: The relative advantages pressure and 
gravity-flow distributors; the amount penetration ordinary 
macadam road obtained the use pressure spraying machine; 
the relative advantages sand, shingle, gravel, and stone chips 
covering; the feasibility the omission the covering; the practica- 
bility drying damp macadam surface artificially order 
render possible the application such bituminous material tar, 
thus obviating the unnecessary expense due waiting for the road 
dry out; the relation the size stone composing the surface 
macadam road the economics and efficiency surface 
the slipperiness surfaces treated superficially with various bitu- 
minous materials under varying conditions; the effect non- 
skidding devices, particularly chains, steel studs, and rubber blocks, 
various surfaces; and cost data covering series annual applications 
given kind bituminous material the same road. 


into technical discussion the relative values the various 
methods surface treatment even consider the comparative 
merits the numerous compounds used, but confine the discussion 
review the work done Mercer County, New Jersey, 
maintaining its system improved highways. 

That work has been surface treatment, and has been confined 
almost entirely the application bituminous dust layer known 
petroleum asphalt, and “No. Road Oil,” having asphaltic content 
from per cent. The primary object using this oil com- 
pound was allay dust, but was also found that its application 
added materially the condition the surface the road, and, for 
the time being, obviated the necessity making more costly repairs. 
was demonstrated that macadam roads, where slight disintegra- 
tion the surface had begun, further destruction could retarded 
and the road maintained through another season good condition 
single application road oil with the addition thin coat 


stone screenings. better results were secured when two 
applications were made. 


County Engineer Mercer County, 


— 
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The oil was purchased the car load. Without heating, 
distributed the road with ordinary sprinkler having 
distributing attachment. The cost, including the screenings, was about 
cents per sq. yd. This work, while giving good results, was not 
entirely satisfactory account the uneven distribution the oil 
caused variations the speed the horse-drawn sprinkler. These 
speed variations were due change grades and the passing from 
maximum minimum load hauled, and also the uneven 
oil pressure maintained the distributing point account the 
constantly changing head. This objectionable feature was entirely 
eliminated the use auto-sprinkler owned the oil company. 
With this sprinkler perfectly satisfactory results were obtained, the 
machine being capable traveling uniform speed, regardless 
changes grade load. The varying pressure due head oil 
was overcome maintaining uniform air pressure the tank. This 
pressure added materially the final result forcing portion 
the oil into the body the road. Almost double the quantity oil 
can used without causing rivulets flow the sides 
the road when the distribution accomplished this way. 

After this first trial, all surface oiling was done with auto sprinklers 
cost 1.2 cents per sq. yd. surface treated; but this did not 
include the cost the coat screenings. The cost furnishing and 
spreading the necessary quantity screenings was cents per sq. yd., 
thus giving total cost 4.2 cents compared with cents per sq. yd. 
when the entire work was done the County. 

This method surface treatment, although temporary nature 
only, gave very good results, and, when considered connection with 
its cost, deserves rank among the foremost methods maintaining 
already constructed water-bonded macadam road. Great care should 
taken, however, selecting oil for surface application. the 
oil too thick, will remain the surface and will not penetrate 
the body the road. When this consistency, will adhere the 
wheels passing vehicles, causing less discomfort the 
traveling public well injury the road surface. the other 
hand, the oil too thin too light, has too great spreading 
and penetrating power for the base contains. The result secured 
with such oils stained surface more less devoid any cement- 
ing bitumen, making frequent applications necessary. ideal oil 
one which will penetrate and yet have sufficient base assist hold- 
ing together the mineral aggregate. the writer’s judgment, 
product containing from 45% petroleum asphalt will generally 
give the best results. 

course, presumed that the surface the road which 
the oil applied fair condition, being free from ruts 
other pronounced inequalities. not fair condition, the sur- 
face should renewed before the application made. fact, 
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method surface renewal should used for roads poor condition 
unless provision made for spreading mineral aggregate depth 

Another method surface treatment, which gives every indication 
producing good results, the application heavy residuum oil, 
having specific gravity about 12° Baumé and residue about 
90% when reduced 100 penetration 77° Fahr., which, when 
absorbed the sand spread over the oiled surface depth 
in. more, depending the quantity oil taken up, 
forms sand asphalt coating which practically water-proof, dust- 
less, and noiseless, and might termed artificial rock asphalt. 
Unlike the oil product previously referred to, this asphaltic compound, 
while having penetrative qualities whatever, possesses distinct 
base petroleum oil. 

The method applying this oil was follows: The surface the 
road was first carefully swept remove all loose matter, after which 
water was applied with sprinkler sufficient quantity saturate the 
road thoroughly, the object being remove any loose particles remain- 
ing the surface and deposit them the existing crevices. 
Uniform distribution the oil cannot accomplished there 
much loose material the surface. The oil was received tank 
ears, and, after heating about 150° Fahr., was pumped into road 
sprinkler and applied the washed surface with special spreading 
device, using gal. per sq. yd. surface. When the asphaltic product 
contact with the wetted surface the road, was chilled, 
thus preventing from running off the sides. While this chilled 
state, was absorbed the sand coating which had been immediately 
spread. The sand used was sharp, gritty nature, entirely free 
from loam and moisture. The road was opened traffic after 
reasonable amount rolling, and the spreading additional sand 
points showing surplus oil. The condition the surface then 
improved daily. The value this method repairing roads depends 
the fact that oil this consistency, when covered with layer 
sand, will slowly drawn the surface solar heat; consequently, 
work this class should done only clear, warm days. 

The experimental work done this method, was necessarily crude, 
owing improper machinery, but understood that heater 
tank wagons are now being used which apply the oil under pressure, 
and thus give more uniform results eliminating the probability 
having varying thickness resurfacing material. 

essential coat every the road with layer oil 
uniform thickness, points not coated will have covering, and 
those receiving excess compound will become wavy the rolling 
the surface under extreme loads. also apparent that the 
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surface road treated this method should free from 
inequalities, thereby removing all possibility water collecting 
pools the surface. Although experiments have been made along 
this line, believed that light coating pea-size broken stone 
applied first, and then covered with sand, the result will great 
improvement, giving better and more lasting covering, which will 
reduce minimum the tendency creep under heavy loads. The 
asphaltic oil-sand covering which has been use for one year indi- 
cates that fairly good results will obtained for another season. 
proper assume, then, that, under normal conditions, the life 
roads resurfaced this particular method years, after which, with 
the addition lighter coating, claimed that the life can 
extended years. The cost the compound was cents per gal., 
delivered, and the total cost for work this class was about cents 
per sq. yd., average cents per sq. yd. per year. 

far the greater part all resurfacing work roads New 
Jersey during 1910 was done, least started, under State specifi- 
cation, which called for the spreading in. (loose measurement) 
broken stone; the coating the stone the application 
heated asphaltic binder the surface; thorough rolling; the addition 
stone, screenings, and sometimes sand, and continued 
rolling until the road was finished. Although was thought that 
excellent results would produced this method, failed come 
expectation. 

large number contracts for new construction, well recon- 
struction work, had been entered into throughout the State, when, 
the middle the season, was decided, with the consent all 
interested parties, change the contract eliminating the use 
the asphaltic binder specified and providing for the construction 
water-bonded macadam, and the application, when completed, 
“No. Road Oil” the surface. every case this change carried 
with allowance rebate, the part the contractor, the 
State and County, and, the same time, gave greatly improved results, 
when compared with those previously obtained. 

That part the original specification relating the qualities 
the asphaltic binder used was prepared expert chemist, and 
for heating the compound, which was shipped tank cars, 
200° Fahr., after which was applied the road sprinkler. 

claimed, the parties who furnished the binder, 
that the cause failure was due, not the chemical proportions, but 
the physical properties the compound, and that hard binder, 
without being “cut back” fluxed with distillate, had been specified 
applied hand after heating 350° Fahr., the final results 
would have been entirely satisfactory. This claim the oil company, 
however, not accordance with the results obtained New Jersey 
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during the past years. The binder used during 1909 was not “cut 
back” product, yet the results were worse than those secured the 
back” compound specified 1910. Both products were about 
the same consistency. According the opinion the chemist referred 
above, one the causes failure was the use oil having 
paraffine base, oils this type appearing lose their binding prop- 
erties much more quickly than those having asphaltic base. 

possible, however, with proper asphaltic binder, make 
satisfactory bituminous macadam road the foregoing methods, 
shown some the roads constructed; but, secure these results, 
essential have experienced men, satisfactory distributor, and 
reliable contractor. hard binder, heated 350° Fahr., and applied 
hand, should not fail give good results. 

Although the results obtained after changing the method con- 
struction, related above, were pleasing, should not understood 
that, the opinion the State Road Department New Jersey, 
the various county engineers, this the most desirable method for 
future construction work. the writer’s opinion that bituminous 
binder some kind should used, and that change the old water- 
bonded macadam, even provided for the application Jight dust- 
laying oil the surface, would step backward. 

The State Road Department, however, was peculiar position, 
which, justice it, should mentioned. understood that, 
opinion given the Attorney-General the State the Road 
Department the time change method construction was being 
considered, was held that the Department would justified 
modifying the specifications where the sole object was improve the 
results after construction, provided such change did not involve 
addition the original cost; but that change extra cost would 
not legally justifiable without canceling existing contracts and re- 
advertising for bids. Under these there was other 
course follow than the one adopted. 

The average cost resurfacing work under the original specifica- 
tions was cents per sq. yd., which cost included the necessary work 
done shoulders. Deducting the average rebate cents 
per sq. yd. leaves net cost cents per sq. yd. for work this class. 

Joun Am. Soc. (by letter).—In the consid- 
eration the subject macadam and gravel road construction and 
maintenance, greater importance generally given the problems 
than those maintenance. Although the methods 
used and the results obtained the construction the road surfaces 
have, without doubt, great bearing their future maintenance, never- 
theless, the efforts and expense which dre put into the proper construc- 
tion are little value from the standpoint the durability the 
surface, the maintenance work neglected. 
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The problems maintenance have become very much more difficult 
during the past five years, and especially that the preservation 
the road surfaces constructed without bituminous binders serve the 
conditions traffic eight ten years ago. has been demon- 
strated, however, that not absolutely necessary that the surfacing 
shall constructed with bituminous binders order withstand the 
conditions to-day, many miles roadway surfaced with 
ordinary macadam and gravel, early and attention 
maintenance, have been kept good condition for the last five 
six years using surface treatments with bituminous materials, and 
without any extensive work resurfacing. 

surface treatment there doubt that some advantage and 
benefit obtained the roadway surface constructed with bitumi- 
nous binder, and such surface can probably maintained more 
economically, more wear can allowed without danger disin- 
tegration, making the re-treatments less frequent and requiring less 
material. results obtained work surface treatment with 
tars and oils which has been under the direction the writer, have 
been generally very satisfactory, ordinary macadam and gravel sur- 
faces, and those constructed with bituminous binders. 

The work referred was begun August, 1906, when about 500 
sq. yd. macadam roadway surface were covered with Tarvia. 
Previous this work, very little expense had been necessary these 
roads, except the cost watering, they had been built only from 
four five years. The cost watering alone averaged about cents 
per sq. yd. surface per year. The cost this first work surface 
treatment with Tarvia averaged cents per sq. yd., including labor 
and materials. The details this cost are follows: 


The labor item preparing the roadway surface and apply- 
ing the tar and screenings. 

When taken into consideration that this work acted sub- 
stitute for re-surfacing, which would otherwise have been necessary, 
and also eliminated the sprinkling with water, evident that was 
economical method road preservation, provided would 
effective for least one year. That this has proven fact will 
shown the costs maintenance this and other sections 
from the time the first treatment the present. For the following 
year, 1907, the total cost repairs and re-treatments the Tarvia 
section averaged cents per sq. yd. for the 67500 sq. yd. During 
this year about 150000 sq. yd. additional macadam road surface were 
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treated the same manner cost from cents per sq. yd., 
average cost cents, including labor and materials. 
Besides this additional Tarvia work, experiments were made with 
other materials during 1907. About 225000 sq. yd. roadway—one- 
quarter being gravel-surfaced and three-quarters macadam-surfaced— 
were covered with mixture crude water-gas tar and asphaltic oil. 
These materials were mixed different proportions and bbl. 
oil bbl. tar. The results obtained with this material were 
more the nature dust suppression than surface preservation, 
contained but little actual binding properties. Better results were 
obtained with the gravel surfaces than the macadam. The 


average cost was cents per sq. yd., including materials and labor 
for one application. 


Asphaltoilene, asphaltic oil, was used about sq. yd. 
roadway, one-half macadam- and one-half gravel-surfaced. This 
material was furnished and applied for cents per sq. yd., the only 
other expense being the sand covering, which was very small. The 
results obtained the use this material were very satisfactory 
and economical, the case the gravel-surfaced road was 
effective for two years, with practically expense for repairs during 
that period, and the macadam roadway was maintained during the 
second year patching and some slight re-treatments, average 
cost cents per sq. yd. 

During the next year, 1908, about one-half the total area pre- 
viously surfaced with refined tar, 120 000 sq. yd., was retreated with 
the same material, average cost cents per sq. yd., and the 
remainder kept good condition without repairs. About sq. yd. 
additional, this same class work, were done, except that differ- 
ent brand refined tar was used. The average cost this additional 
work was cents per sq. yd. About one-quarter the area surface- 
treated during the previous year with asphaltic oil was given light re- 
treatment cost about cents per sq. yd., and 75000 sq. yd. 
additional were laid, cost cents per sq. yd. the area pre- 
viously treated with water-gas tar and asphaltic oil, sq. yd. were 
re-treated with the same material, and 46000 sq. yd. additional were 
laid. The cost both averaged cents per sq. yd. 

new combination materials, which has been used consid- 
erable extent since, was tried this year about 30000 sq. yd. 
macadam surface. consisted 90% refined tar and 10% residual 
asphalt. The cost this work averaged cents per sq. yd. The 
results obtained with this material appeared superior some 
respects those with the tar alone. 

During 1909 and 1910, the tar surfaces have been maintained 
good condition generally re-treatments with the tar and asphalt 
mixture, the rate about once two years, average cost 
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cents per sq. yd. for each re-treatment, and the asphaltic oil sur- 
faces have required about the same attention and the same average 
cost. Where traffic conditions are extremely severe, more frequent 
repairs are required, and the average cost will vary cents per 
sq. yd. per year. Where the macadam surfacing constructed with 
bituminous binder, the surface, painting coat, also required from 
time time, but, stated previously, not frequently. 

appears from these tests the past five years that surface treat- 
ment macadam and gravel road surfaces with refined tars and 
oils has been, the present time, effective and econom- 
ical method for the preservation road surfaces subjected principally 


automobile traffic, which was the class traffic under which 
these tests have been made. 


used Baltimore applying surface treatment oil, and its cost. 

Where the original road-bed was good condition for any material 
distance, and required new stone for resurfacing, the surface treat- 
ment was tried. The old road-bed was thoroughly cleaned with wire 
brooms, and all dust, dirt, and foreign material were removed. 
coating Fairfield Anti-Dust, local material, heated tempera- 
ture 190° Fahr., was then applied, the extent gal. per sq. yd. 
surface, and was thoroughly broomed in. About two hours was 
allowed for the bitumen set and penetrate, after which the surface 
was covered with layer granolithic from in. size, and 
then thoroughly rolled with 12-ton roller. 

The cost flushing 3024 sq. yd. surface was 13.29 cents 
per sq. yd., itemized follows: 


including supplies and repairs 


The surface treatment was only used where the original section 
was fairly good condition, order prevent raveling, and 
the same time allay the dust nuisance. recent inspection the 
road, after had been subjected heavy fall snow, sudden 
thaw, and freeze, succession, showed that the surface treatment has 


*Assistant City Engineer, Baltimore; Md. 
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served the purposes for which was intended. Where the machines 
had worn rut through the snow and ice the surface, the road 
showed some signs raveling, but this defect can corrected 
small expense the spring. Every machine and vehicle followed this 
same rut for weeks, that there must have been enormous wear 
the surface for width only about in. 


surface treatment oil and sand 
was used connection with experiments White Plains Avenue, 
Borough the Bronx. The description and detailed cost follow: 


Standard Oil Company’s Sand-Surface Method. 


Application Oil and part the road was old 
strip water-bound macadam. was swept, and then Standard Oil 
Company’s Binder was applied, the quantity being gal. per sq. yd. 
Over this was spread thickness about in. sand, which was 
lightly rolled. 

Cost PER 


Hauling binder 
Tar heater 


Per square yard. 
$40.45 
Sand, cu. yd., $1.21 12.10 0.026 
Binder, 384 gal., $0.08 30.72 0.066 0.82 gal. yd. 


Totals. 


Foreman 

Cleaning macadam 

Pouring and carrying binder 
Heating binder 

Spreading 

Tamping 

Rollerman 


467 sq. yd., $0.086 $40.45 


Assistant Commissioner Public Works, Borough the Bronx, New York City. 
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The actual time laying the sand course was days (gang time), 


Mr. 
average 187 sq. yd. per day, including cleaning and brooming 
old macadam. 

q 
Temperature. 
Pavement. Date, 1910. Weather. 
9a. M. 12 NOON. 3 P.M. 
Standard October 18th. Begun. 59° 65° 66° Clear. 
October 19th ......... 5ye 65° 6R° Clear. 
October Finished 55° 57° 59° Cloudy. 


THE USE BITUMINOUS MATERIALS PENETRATION 
METHODS. 
conditions have seemed require the use the penetration 
the treatment the State roads Maryland with bituminous 
materials. The speaker will report only the work directly under 
the supervision the State authorities. 
1909 Park Heights Avenue was treated with different bitumi- 
nous materials sections. The details the treatments were 
reported the Second International Road Congress, and this report has 
been reprinted some American publications, that repetition will 
avoided here. have prevented giving 
the costs the 1909 work, therefore tables cost data are submitted 
herewith. 


The method generally used was put down the macadam the 
ordinary way the point beginning the binding, usually 
practiced, with water and stone chips Slight variations 
from this method have been made. For example: few instances 
the courses the macadam have been reversed and the “Number ones” 
placed top, and the “Number twos,” ordinarily called, placed 
the bottom. some cases, before the pitch was applied the stone 
(which had been thoroughly rolled), layer sand, fill partly the 


voids between the stones, was put and rolled in. other the 
pitch was applied the clean rolled second course. 

The quantity pitch used has varied from gal. much 
(in one particular instance) gal. per sq. yd. The use gal. 
was accident, which has brought about very curious result which 
now being watched. too early report the present time, how- 
ever, the success this particular road. 
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The maintenance cost data shown Tables and include taking 
care the bleeding putting chips, taking care the slipperi- 
ness, which was objectionable some sections, and one case 
covers the removal very disagreeable mud which developed the 
surface the early spring following its construction. 


TABLE Cost Data EIGHTEEN 
Roaps. 


ard 


Cost per 
macadam 


Total cost 


Remarks. 


Cost per 


Section No. 
Area, in 
when 
ost 
ing, including 
chipping. 
square yard 
1/1/11. 
square yard 
of treatment, 
to 1/1/11. 
Total cost per 
square yard 
to 1/1/11. 


resur 


f road surface, 


square yards. 

Material used. 

square 

maintenance, 


| 


| | 
1 936 Gulf 8 and 9/09 0,389 0,482 0,130 is 0.900 
11/09 0.340 .092 
11/09 0.241 .488 Mat. gratis. 
845 Warren....| 10/09 0.224 .691 | 946 

a i U.G. I.| 8/09 0.216 262 | 0.016 0,494 


Hore cote 


road 
per 


surfacing, 


Material used. Time when used. 


macadam., 
cost 


Section No. 
square yard. 


Cost per squar 
yard for resurfacing 


per square yard. 


Cost pitching, in- 
cluding chipping, 


Total 


May and June, $0.381 

$ June, 1910 0.374 2 0.625 

Mixed Tar June, 1910 0.355 a 0.627 

Headley June and July, 1910 0.384 0.558 

July and August, 1910 0.373 ; 0.773 

Anti-Dust. October, 1910 0.385 068 0.454 

|U. G. 1. Anti-Dust. . October and September, 1910, 0.407 0.686 
| | 


| 
| < | | | 
532 
11 | 3 
11-A 261 | 
685 
13 203 : 
16 1 100 


Papers.] ROAD CONSTRUCTION AND MAINTENANCE 371 


The traffic this road has been counted follows: 
Section No. City End. 
One-horse vehicles........... 245 
Two-horse vehicles 
Three-horse vehicles.......... 
Four-horse vehicles 
Five-horse vehicles 
Six- (or more) horse vehicles. 
Average per day 
Motor runabouts............ 
seats) 
Motor touring cars 
seats) 
Motor wagons 


times, these figures are greatly exceeded, such periods 


when there racing the course, the entrance which the end 
Section 


Sections Nos. inclusive. 


One-horse vehicles 
Two-horse vehicles....... 
Three-horse vehicles.......... 
Four-horse 
Six- (or more) horse vehicles. 
Motor cycles Average per day 
Motor runabouts............. hours. 
Motor touring cars 
seats) 
Motor touring cars 
Motor wagons 


Sections Nos. and 15. 
vehicles........... 
Two-horse 
Three-horse 
Four-horse vehicles...... 
Six-horse 
Motor cycles 
Motor runabouts 
Motor touring cars 
seats) 
Motor touring cars 
seats) 
Motor wagons............ 


Average per day 
hours. 
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Mr. Sections Nos. and 17. 
Crosby. 
One-horse 
Two-horse vehicles........... 
Three-horse vehicles.......... 
Four-horse vehicles........... 
Six-horse vehicles............ 
Motor cycles.......... Average per day 
Motor touring cars 
Motor touring cars 
Motor wagons ............... 


Some other penetration work has been done, and some, such 
road surfaces gravel and oyster shells, especially interesting. 
The speaker regrets his inability report this work the present 
time. 


Mr. Ross, (by letter).—In addition large amount 
Ross. work surface treatment, the penetration method has been used 
Newton some extent. 

Several roadways were treated with preparations 90% Heavy 
Standard Oil and with Tarite-Asphalt the penetration method. The 
materials were heated sufficiently make them flow freely through the 
sprinkler the oil distributor. The macadam surface the roadway 
was first spiked and then covered with 2-in. layer 
stone. This stone came from ordinary gravel pit, and varied size 
from in., the smaller stones filling between the larger ones. 
The surface was rolled smooth and hard, after which the oil was applied 
hot. Used the rate about gal. per sq. yd., the oil readily pene- 
trated the entire mass. coating gravel which had passed through 
was then applied and thoroughly rolled with steam 
The road was opened traffic within hours after comple- 
tion. The cost work this class varied from cents per 
sq. yd., all labor and materials. 

Early the spring 1908 one the principal streets was 
badly out shape that required new surface about in. 
stone. was decided bind the new material with Tarvia the 
penetration process, and area 6290 sq. yd. was surfaced 
cents per sq. yd. about this time another street, having 
area 9821 sq. yd., was treated like manner with Tarvia 
except that much thinner coating of-stone was applied. The cost 
this latter construction was 284 cents per sq. yd. 


*Street Commissioner, West Newton, Mass, 
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Compton, following discussion will describe the 
methods constructing bituminous macadam roads the penetration 
method Baltimore, Md. This experience extends over period 
years, but the following description pertains particularly 
stretch road 1.55 miles length, from ft. width, and 
having total area 17788 sq. yd. The original roadbed was 
ordinary macadam in. thick. had been use about years, and 
was badly worn places. The entire stretch road subjected 
heavy automobile traffic, and the portion west the Stoney Run 
Bridge, particularly the north drive, subjected heavy team traffic 
from adjacent sand and gravel plant. The team traffic, though 
slow moving, poorly distributed, owing the usual bad judgment 
exercised drivers. 

Where the original roadbed was such condition require 
re-surfacing with new stone, the following method was used: The 
surface was first swept clean with the ordinary street-sweeping machine, 
then “spiked” with the roller, picked and raked hand, and all dirt 
and foreign material removed. was then rolled firm bed, 
and sufficient new stone was added bring the surface the proper 
cross-section. was the thickness new stone less than 
in. after rolling, nor more than in., that the average thickness 
was about in. Where sufficient depth was available, layer 
stone sizes from in., known No. was first spread and 
then covered with stone dust sufficient quantities fill all inter- 
stices. Great care was used this operation, was realized that 
the bitumen penetrated the No. course slack roadbed would 
result. order secure the filling all interstices, the dust was 
swept in, and water was used where necessary. Where water was used, 
however, this course was allowed dry before placing the next, 
No. course. 

After the No. layer was completed 3-in. layer No. stone, 
ranging size from in. was laid. Where only the minimum 
depth in. was available, this size was used alone. The method 
rolling was the same for ali courses with ordinary macadam, except 
that the last No. course was rolled firmly but not tightly, the 
idea being allow the bitumen penetrate not less than in. 

After the macadam had been rolled, the binder was applied 
the rate not less than nor more than gal. per sq. yd. sur- 
face. Two materials were used; namely, “Fairfield Anti-Dust,” 
local material, which was applied temperature not less than 
190° Fahr., and “Standard Asphalt Binder” “B,” which was applied 
temperature between 300° and 400° Fahr. ordinary asphalt 


Assistant City Engineer, Baltimore, Md. 


d 
q 
Mr. 
4 
3 
f 
4 
| 


Mr. 
Compton. 


374 DISCUSSION: ROAD CONSTRUCTION AND 


thermometer was used, and the binder was all times applied 
the temperature recommended the manufacturer. 

heating the binder two kettles were used, one having capacity 
200 gal., and the other 400 gal. Both kettles were 
mounted wheels, and were easily moved. The smaller kettle worked 
more satisfactorily with the “Fairfield Anti-Dust,” which material 
runs freely from the barrel and easily heated, while the larger 
kettle worked more satisfactorily with the “Standard,” which does 
not run freely from the barrel and requires more heat, thereby requir- 
ing more storage capacity, the work handled economically. 
hose, with spreader the extreme end, was attached 
the rear the kettle, the length the hose being from ft., 
depending the width the road. The binder was applied with this 
hose, and the flow was regulated valve the rear the kettle. 
rubber hose was first tried, but was found that burned out too 
frequently under the extreme heat the bitumen. was then 
found that the ordinary linen hose, worth about cents per ft., 
answered the purpose, and was, course, much more economical. 
more uniform distribution the bitumen was obtained using the 
hose than hand-pouring. The former method also more economical 
than hand-pouring, the labor heating and spreading bitumen, 
spreading Granolithic, and rolling was cents per sq. yd., com- 
pared with cents for the same items hand-pouring. all cases 
the bitumen was spread beginning the lower elevation the 
roadbed and working grade. 

After the bitumen had been applied the entire surface was covered 
with stone ranging size from in., and free 
from dust. The roadbed was then thoroughly rolled. the bitumen 
appeared the surface, more Granolithic was added, and the rolling 
was continued until the material ceased creep and became solid 
mass, showing even, hard, dense, and granular surface. The roll- 
ing was generally begun the gutter lines, and carried toward the 
crown, the shoulders first being rolled prevent spreading. For 
several weeks after the road was open traffic was noticed that 
the bitumen appeared the surface places. Granolithic was placed 
piles the sides the road, and was spread these 
places when required. some cases was found necessary 
advantageous more rolling. 

Two rollers were used the work, one weighing and the other 
tons. The 12-ton roller was used for “spiking,” for rolling the 
No. course, and times for rolling the No. course. 

was found, however, that the roller worked very satis- 
factorily for the No. course, and also for the final rolling the 
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The cost constructing sq. yd. roadway this method mr. 
was 72.95 cents per sq. yd., itemized follows: 


24.82 cents. 


Rolling 

Binder 

Coal 

Hauling binder 

Incidentals, including supplies and repairs 
plant 


72.95 cents. 


The cost rolling represents the hire the 6-ton roller, $10 
per day, and the use the Department’s 12-ton roller, per day, 
which covers the salary the engineer and watchman. The quantity 
bituminous binder used was 1.9 gal. per sq. yd., which included seal- 
ing coat about 25% the bituminous work. The bituminous 
binder flushed very evenly the greater part the surface, 
that the sealing coat was used only where was deemed necessary. 

The following rates wages prevailed, per day hours: 


The following prices were paid for materials: 


Crushed stone, No. 2........ $1.90 per cu. 

Crushed stone, 175 

Crushed stone, Granolithic.. 

Binder “Fairfield”.......... ton 2000 


“ 


“Gabbro” stone was used throughout the entire work. 

Except few places, the surface excellent shape this 
time. The exceptions are that portion the work which was done 
during the latter part September and the first part October, 
when the nights and parts the day were cool, thus preventing the 
bitumen from flushing the surface satisfactory manner. This 
defect, believed, will correct itself the spring when the warm 
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weather comes. The portion done during warmer weather has flushed 
very satisfactory manner, and present presents bitulithic 
appearance. There are also this time four five weak places, 
each about sq. ft. area, due without doubt the bitumen being 


too hot, which condition will occur times the bottom the 
kettles. 


White Plains Avenue, Borough the Bronx, several sections were 
built the penetration method, using both asphaltic and tar binders. 
The description and detailed costs the sections follow: 


Bituminous Pavement, Penetration Method. 


Foundation consists crushed trap rock and 
sufficient screenings fill the voids. was spread and rolled 
finished depth in. 

Surface Course Paving trap rock 
was spread and lightly rolled depth in. From 
about gal. Sanford and Strains Asphalt Binder was 
applied and layer stone was spread and rolled. From 
00, the Standard Oil Company’s Special Binder 
was used. 

Seal Coat.—The quantity applied was gal. per sq. yd., over 
which coarse sand and chips were spread and rolled. 18-ton 
roller was used. 

Cost 
Base course 


Hauling binder 


0.021 
CosT PER SQUARE YARD. 
Base in. thick. 


Per square yard. 
65.7 cu. yd. trap rock, 


13.1 sereenings, 21.68 0.046 
Labor 0.054 


Per square yard. 
$0.198 
stone, 3.5 0.013 
Binder, 719 gal., $0. 0.129 1.52 gal. per sq. yd. 


Assistant Commissioner Public Works, Borough the Bronx, New York 
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Hours. 


Foreman 
Pouring binder 
Heating 
Carrying binder 
Spreading top course 1}-in. stone 
stone 
Wheeling stone 
Heating stone 
Rollerman 


472 sq. yd., $0.198 


Per square yard. 
$0.045 
Chips, 3.5 cu. yd., $1.90.......... 0.014 
Binder, 353 gal. 0.085 0.064 gal. per sq. yd. 


472 sq. yd. $57.97 


Hours. 


Foreman 

Pouring binder 

Carrying 

Heating 

Wheeling 

Heating 

Rollerman 


m 


_ 


The actual time required for laying the surface course (including 
the top course) was days, average 135 sq. yd. per day. 
The stone required heating. Work was postponed three times 
account delayed shipments binder, thereby increasing the cost. 
The actual time for laying the seal coat was hours, average 
755 sq. yd. per day. The chips required heating. 


Barrett Manufacturing Company’s “Modern Pavement.” 
spread and rolled finished depth in. 
Course Paving sufficient quantity sand 
was spread fill the voids. was about in. thickness top 


the foundation course, over which about gal. Tarvia per 
sq. yd. was applied. Then crushed trap rock was spread and 
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lightly rolled depth in. About gal. Tarvia per sq. yd. 
then applied the penetration method. layer stone 


was spread and rolled. 18-ton roller was used. 
Seal gal. per sq. yd. was applied, over which 
coarse sand was spread and rolled. 


Cost PER SQuaRE YARD. 


$1 


Cost PER YARD. 
Base in. thick. 


Per square yard. 


SurFace 
Per square yard. 
Binder 1st 262 gal., 0.102 1.08 gal. per sq. 
Binder coat, 480 gal., 0.188 1.97 gal. per sq. yd. 
243 sq. yd., $0.698........... $169.75 
No. Hours. Rate. Coat. 
‘. \ 3 9 2.25 
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Coat. 


Per square yard. 
$0.071 
34-in. stone, yd., $1.80 9.00 0.087 
Sand, 1.21 2.42 0.010 
Screenings, 1.65 1.65 0.007 
Binder, 240 gal. 22.80 0.094 0.99 per sq. yd. 


Totals. 


Foreman 

Heating binder 

Spreading sand 

Spreading 34-in. stone 

Rollerman 


= 
The actual time for laying the surface course was: 


average 324 sq. yd. per day; coat, hours, average 
sq. yd. per day. 


The actual time for laying the seal coat was hours, 


average 324 sq. yd. per day. 


Bituminous Pavement, Penetration Method. 


Foundation consists crushed trap rock and 
spread and rolled finished depth in. 

Surface Course Paving Mixture.—Crushed trap rock was 
spread and lightly rolled depth in. Tarvia—2.3 gal. per 
sq. yd.—was then applied, after which layer chips was spread 
and rolled. 

Seal gal. Tarvia per sq. yd. was applied, over 
which chips were spread and rolled with 18-ton roller. 


Cost YARD. 
Base course 
Surface course and seal coat 


0.021 
Hauling binder 0.008 


Tar heater 


PER SQUARE YARD. 
Base in. thick. 


Per square yard. 


0. 


$0. 


Connell, 


| 
2.25 4.50 
$17.32 
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Mr. Surrace Course Coat 
Connell. 
Per square yard. 

stone, 40.2 cu. yd., 0.161 

Chips, 80 cu. yd., at $1.65.......... 13.20 0.032 

Binder, 1296 gal., 123.12 0.298 3.14 gal. per sq. yd. 

No. Hours. Rate. Totals. 
and carrying 106 2.25 29.81 
1 11 } 2.25 8.08 


The costs the first coat binder and the seal coat were not 
separated. About 0.75 gal. binder per sq. yd. was used for 
flush coat. 

The actual time laying was days full days and part 
days), average sq. yd. per day. The length time was 
due poor supervision. 


Pavement, Penetration Method. 


Foundation consists crushed trap rock and 
spread and rolled finished depth in. 

Surface Course Paving trap rock 
was spread and slightly rolled depth in., then gal. 
Bermudez Road Asphalt per sq. yd. were applied, after which 
layer chips was spread and rolled. 

Seal gal. per sq. yd.) was applied, over which 
chips were spread and rolled, 18-ton roller being used. 


Cost PER SQUARE YARD. 


$100.77 
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Cost PER YARD. Mr. 


Connell. 
Base in. thick. 


Per square yard. 


screenings, at $1.65 .12 0.022 
0.054 


Per square yard. 
$0. 128 
stone, 34. cu. yd., $1.65.. 0.161 


Binder 550 gal., 0.203 1.55 gal. per sq. yd. 


No. Hours. Rate. 


Foreman 

Pouring asphalt 
Heating 
Carrying 
Spreading 
Rollerman 


LR 
wee 


aos 


9 
9 
~ 
° 
9 
~ 


Per square yard. 
Labor 


Chips, 5.0 cu. yd., $1.90 9.5 0.027 
Binder, 173 gal., 22.66 0.49 gal. per sq. yd. 


Foreman 

Pouring asphalt 

Squeegee 

Heating asphalt 

Carrying 

Rollerman 


1.68 
0.84 
0.84 
1.68 
1.68 
1.12 
1.69 


ou 


Nothing except the binder was heated The chips 
were delivered hot from the plant, and remained warm until the end 
the job. 


Labor...... 
Totals. 
$45.14 
: 1 3 2 k 
| 
| q 
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The actual time laying the surface course was day and 
hours, average 257 sq. yd. per day. The actual time 
laying the seal coat was hours, average 708 sq. yd. per day. 


Bituminous Pavement, Penetration Method. 


Surface and Base Course Spread One Course.—This consists 


crushed trap rock, spread and rolled depth in. 


Standard 


Oil Company’s Binder “B” gal. per sq. yd.) was then applied, over 


which 


layer stone was spread and rolled. 


Seal “B” (1.1 gal. per sq. yd.) was applied, after 
which chips were spread and rolled, 18-ton roller being used. 


Cost YARD. 


Surface and Base Course. 


Per square yard. 


1%-in. stone, 82.0 cu. yd., at $1.65. 135.30 0.390 
Binder, 480 gal., 88.40 


FIELD LABOR. 


0.111 1.38 gal. per sq. yd. 


No. Hours. 


Pouring and carrying 2.25 13.50 
Coat 
Per square yard. 
Chips, 3.0 cu. yd., $1.90.......... 5.70 0.017 
Binder, 384 gal., 0.08.......... 30.72 0.088 1.11 gal. per sq. yd, 
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LABOR. 
No. Hours. Rate. 

Pouring and carrying oil........ 2.25 6.75 
$25.12 


The actual time laying the surface course, excluding the base 
course, was days, average 154 sq. yd. per day. The actual 
time laying the seal coat was days, average 231 sq. yd. 
per day. Nothing but the binder was heated. The trap rock 
was spread one course, without screenings. 


TEMPERATURE, WEATHER, 


TEMPERATURE, 
Pavement. Date. Weather. 
Standard Oil 
Oct. 24, °10. 52 54 56 Clear. 
Oct. 25,°10. Finished. 55 60 60 Cloudy. 
Tarvia 
Oct. 15, °10, 61 6: Cloudy. 
Barber 
Oct. 28, °10. Finished. 54 55 | 56 Clear. 
Modern 
Oct. 22, °10. | 52 | 53 Pa Rain. 
Oct. 24, °10, 52 54 56 Clear. 
Sanford and Strains 
(Penetration)............ Nov. 14, Begun. Cloudy. 


Connell. 
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THE USE BITUMINOUS MATERIALS MIXING 
METHODS. 


constructed mixing methods may considered under two types. 
Type has its characteristic carefully-graded aggregate, and may 
classified with sheet-asphalt and wood-block pavements, from the 
standpoint adaptability under certain traffic conditions, while Type 
consisting pavement with upper course containing larger 
percentage voids than Type suitable for residential streets 
cities, roads State trunk lines, which are subjected excessive 
motor-car traffic and heavy commercial traffic, considered from the 
standpoint the present traffic trunk highways. 

the construction bituminous pavements Type the 
materials for the aggregate are broken stone and sand graded sizes 
mixed form dense mixture, while the usual bituminous 
materials are natural asphalts, oil-asphalts, and refined tars, either 
alone combination with asphaltic materials. connection with 
the construction, machines are used heat, and, some clean 
the aggregate, and thoroughly mix with the bituminous binders. 
These plants are two kinds, stationary and portable. The results 
secured the use pavements this character have been very satis- 
factory, from the standpoint durability, but some instances the 
surfaces have been slippery and other dusty. Particular atten- 
tion should given the future the nature the material used 
that the surface will not either slippery dusty. 

Pavements Type are usually constructed using 
gate either the run the crusher mixture certain sizes 
broken stone, with without sand, and bituminous cement 
natural asphalt, oil-asphalt, heavy oil, tar, combination 
tar and asphaltic materials. The two methods which have been 
adopted constructing pavements this type are, first, the hand- 
mixing method, connection with which unheated stone generally 
used, and second, mixing the aggregate and the bituminous material 
with mechanical mixers. The results—to date—by these methods 
some cases have proved satisfactory and others both insufficient and 
uneconomical. The results have generally proved satisfactory when the 
method and the materials were adaptable local conditions, when the 
roads were well constructed with bituminous cement good quality, 
and the work was charge competent inspector. Here, again, the 
function the flush coat and the course mixed aggregate has not been 
fully appreciated. the future much attention should devoted the 
design mixer, including dryer essential adjunct under 
certain conditions. One type plant this character should 
designed economically adaptable road work which 
portable crushers are used, the output which necessarily limited. 
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Distributors for the application flush coat should also receive 
attention. 

Rhode Island bituminous pavements have been constructed 
the mixing method since 1906. Judging from the results obtained 
date the most economical and efficient pavements for heavy combination 
trunk line under normal conditions Rhode Island have been 
those constructed with tar the mix and oil-asphalt flush coat, 
the oil-asphalt which has proved most satisfactory during all seasons 
the year being Texaco asphalt having melting point from 
90° 95° cent., determined the test proposed the Special 
Committee this Society. The first pavement this type was built 
1908 East Providence.* When inspected, January, 1911, the 
surface was excellent state preservation and practically dust- 
less, the flush coat asphalt being such condition take the 
prints the horses’ hoofs, although the air temperature was 
cent. The average traffic for hours this road during the sum- 
mer 1909 was 355 horse-drawn vehicles and 810 motor vehicles. 
Under normal conditions, when constructed under competent super- 
vision, and the months June September, inclusive, pavement 
the class referred will cost from cents per sq. yd. more 
than the cost ordinary macadam. 

For roads subjected traffic consisting 90% motor and 
light horse-drawn vehicle traffic, the results Rhode Island indicate 
that flush coat bituminous pavement constructed the mixing 
method not necessary. The excellent condition, when examined 
October, 1910, the 1906 section Charlestown built of* Providence 
tar, and the 1908 section Narragansett built Tarvia, are evidence 
that road this type economical and efficacious. The summer 
during 1909 the Narragansett road averaged horse-drawn 
vehicles and 410 motor vehicles for period hours. road 
this character can constructed, under normal conditions, during the 
months from June September, inclusive, with refined tar oil- 
asphalt for from cents per sq. yd. excess the cost ordi- 
nary macadam, provided the construction work supervised com- 
petent inspector. The estimates given are based 1910 labor and 
material cost data. 

The 1909 experimental sections built Barrington, while the 
speaker was charge bituminous work Rhode Island, have been 
open traffic for more than year. The sections were all built the 
mixing method, each section having paint coat the same kind 
bituminous material was used the mix. The materials were Mal- 
den Tarite, Springfield Tarite, Tarite-Asphalt (20% asphalt), Tarite- 
Asphalt (10% asphalt), Texaco Macadam Binder and the 
Road Compound No. When examined January, 1911, the various 


*The construction this section the East Providence road described Trans- 
actions, Am, Vol. LXI, 445 seq. 
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sections exhibited the following characteristics: The Malden Tarite 
and Springfield Tarite sections presented excellent, close-grained, 
mosaic surface, the surface coat the top the stones having entirely 
disappeared. The surface afforded foothold for horses. 
There has been slight abrasion the road metal composing the upper 
surface. Very little difference was noted between the Tarite-Asphalt 
and Tarite-Asphalt sections, except that the mosaic surface the 
stones was more apparent the latter than the former. The sur- 
face presented fairly good foothold for horses, and was practically 
dustless. the section constructed with Texaco Macadam Binder the 
stones composing the upper layer were not visible. The flush coat was 
remarkably dustless, and, temperature cent., was slightly 
impressed the horses’ hoofs. the surface constructed 
with the Road Compound No. the stones were not visible. 
The surface was extremely hard and smooth, and hence slippery, but 
was dustless. 

The road which these various sections were constructed 
tween West Barrington and Nayatt Point, the Town Barrington. 
Each section was built tangent, and the grades varied from 0.50 
1.14 per cent. The sub-grade encountered was composed very 
hard layer clay and sand over foundation bed bricks, which 
had been placed there several years before the town highway authori- 
ties. Almost the entire length the road was through wooded dis- 
trict, the shade being very dense. Previous reconstruction, the 
road had been surfaced with gravel. June and July, 1909, the 
average traffic for hours was follows: 


~ 


Motor runabouts 
Motor touring four five 
otor touring cars (fou 


traffic. 
Motor touring cars (six seven 


seats) including. limousines 
and landaulets............ 


The contract was let originally for ordinary macadam construction, 
and later secondary agreement was drawn which the extra 
labor required the bituminous work was paid for per agreement 
covering prices for different grades labor plus commission 
per cent. The prices paid laborers bituminous work were $2.00 

per day hours for experienced men, and $1.75 per day for ordinary 
laborers. One-horse teams and drivers were paid $3.50, and two-horse 
teams and drivers $5.00 per day. 

The following plant equipment was used: Kelly-Springfield 
15-ton roller; tar-coating machine manufactured the American 


i 


Papers. 


Tar Company, the rent which was $2.00 per day. The contractor 
supplied three tar kettles, mixing platforms, square-pointed shovels, 
pails, dippers, and rakes, rent $0.25 per kettle and accessories 
per day. Brooms, potato-hooks, and steel-bodied wheel-barrows were 


supplied the State. 


The macadam was built two courses: The foundation course con- 
sisted broken stone varying from in. longest dimensions, 
which was in. deep when loose, and was rolled in. 
course consisted stone the same quality, varying size from 
in., which was in. deep when loose, and was rolled 
The rock used was chlorite gneiss, having the following characteris- 


tics: 
Determinations. 

Water absorbed per 0.46 
French coefficient wear 8.6 


The width macadam was ft. and the crown throughout was 
per ft. The top-course stone was mixed hand with bituminous 
material until all stones were thoroughly coated. Most the mixing 
was done hand, with long-handled, square-pointed shovels, plank 
platforms composed three sections, each ft. square. The tar-coat- 
ing machine was used the sections built with Springfield-Tarite and 
the No. Road Compound. This machine and the method 
using was described the speaker paper “Use Binding 
Materials the Construction Metalled The mixing gang 
consisted three experienced and five common laborers. 
coat gang consisted one experienced and two common laborers. 
applying the flush-coat house brooms were used, the material being 


supplied the spreader steel-bodied wheel-barrows. 


Table contains general information and Table cost data relative 
the various experimental sections; Table gives analyses the 
bituminous materials used. The analyses were made accordance 
with the methods proposed the Special Committee this Society 
appointed “To Report Bituminous Materials for Road Construction, 


and Standards for their Test and Use.” 


The following notes, relative details construction are inter- 
est; they were taken from the records the Resident Engineer, Irving 


Presented before the Second International Road Congress Brussels, August, 1910. 


DISCUSSION ROAD CONSTRUCTION AND MAINTENANCE 


Results. 


The flush- 


i| 
Mr. 
Blanchard. 
’ 4 


TABLE INFORMATION. 


| 

| 


| 
| 
| 


Average 
Average Date Date temperature 
Material. grade, mixing material, 


(mix). 
prog- 


ress, 
square yards 


NANCE 
mix, in 
per 
Square yard. 

flush coat, 
galions per 
square yard. 
ress, in 
square yards 


percentage. 
Fahrenheit. 


< 
o 


Bituminous 
material 
Daily prog- 


Bituminous 
material 


Malden Tarite 20. Sept. 


= 


DAD ABA Din 


TABLE DATA. 


Material. per gallon 
per gallon. gallon. gallon. square yard.* 


Price per gal- 
Texaco Macadam Binder. includes 0.005 0.115 0.030 
reight. 
Tarite-Aspbalt (20%)..... 0.098 0.009 0.004 0.111 
Tarite-Asphalt (10%)... 0.092 | 0.009 0 004 0.106 0.008 
0.080. 0.009 0.004 0.098 0.007 


Road Compound No. 0.070 0.025 0.099 0.087 


Malden Tarite 


The total cost per square yard given Table the cost over and above the cost ordinary macadam. The cost 2-in. course 


ordinary macadam was cents per sq. yd. 
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TABLE 3.—ANALYSES BITUMINOUS MATERIALS. 


Texaco Tarite- Tarite- Spring- Road 

Binder. (20%). (10%). Tarite. und 


Mr. 


1.222 0.965 1.176 1.211 1.244 1.167 
Water soluble, organic.......... 0.4 0.3 0.5 0.6 0.2 0.3 
Water soluble, inorganic....... 0.4 0.0 0.1 0.0 0.4 0.1 
25.0 0.3 18.6 22.5 24.5 2.4 
Evaporation hours 170° 
15.0 16.6 10.5 11.9 15.5 
Evaporation hours 205° 
Character solution, sticky 
105° 170° cent 


170° to 225° cent 
225° 270° cent 
70° to 300° cent 


Malden the prevailing temperature, the material re- 
fused run from the bungs the barrels with sufficient rapidity 
keep the work constantly progressing. For this reason the heads 
the barrels were knocked out and the contents emptied into the kettles 
very short time. this section rolling was done each day until 
thorough compacting had been effected and the material had set 
that there was appreciable movement under the wheels the roller. 
Rolling was never done until the material had been down over night. 
The first day rolling was done about before the material had 
softened excessively. Later, the material began set up, rolling 
was delayed until the middle the day because the earlier hours 
the stiffness the surface did not allow compacting. The surface 
had set such manner that painting might have been done 
the end about days. 

Texaco Macadam Binder.—The weather conditions during the con- 
struction this section were the most unfavorable during the entire 
period construction. Owing frequent rains and almost constant 
mists, was impossible keep the stone dry. Work was carried on, 


however, except when rain was actually falling, because the late- 
ness the season and the desire finish certain point before 
weather conditions prevented further bituminous construction. 


The 
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stone was mixed with great difficulty when dry, but when damp, 
was generally the case, was very difficult get coated. The material 
was exceedingly slow setting up. was impossible apply the 
flush coat until weeks after laying the stone. Even that time the 
surface felt very under foot pressure. 

Tarite-Asphalt (10%).—The heads the barrels had removed 
order allow the material flow into the kettles. Mixing was 
difficult, because the low temperature and the consequent stiffness 
the bituminous materials. Owing the rapidity with which the 
material hardened contact with the cold stones, was necessary 
mix very small patches one time. Rolling this section was done 
the middle the day. Rolling was also done the day the 
material was laid because the surface was left unrolled over night 
permanent compacting was made very difficult. the end days 
the surface had set sufficiently allow painting. 

Tarite-Asphalt (20%).—The quantity material used, the manner 
rolling, and the length time necessary for setting varied very 
slightly from the experience with Tarite-Asphalt (10%), but there was 
somewhat more difficulty removing the material from the barrels. 

Springfield was done this section the warm 
part the day, because the season was rather late, and the mornings 
and evenings being cold, the material was stiffened much that rolling 
did not compact the surface well. The might have been 
applied the third day. 

No. Road Compound.—The first section laid with this 
material was allowed remain over night before rolling, but this 
tion was never compacted well where the rolling followed close 
after the laying the surface. Rolling the early morning appeared 
affect the surface way except break the stones the 
No. course. Rolling the middle the day, except the day 
which the material was laid, appeared but slightly more effective 
than rolling the early morning. was found absolutely 
necessary roll very soon after laying the No. course. The great 
change produced relatively slight changes temperature can 
judged from the fact that the early morning this season the 
year the material the barrels might split pieces with axe, 
while earlier the season would flow slowly from the bungs. 

Based experience acquired while charge bituminous work 
Rhode Island, and investigations conducted the United States and 
Europe, the speaker considers that many the failures bituminous 
pavements constructed mixing methods have been due one 
more the following factors: Poor bituminous binder; bituminous 
material not adapted the method used; the use insufficient 
quantity bituminous material; poor mix; aggregate unsatisfactory 
quality; injudicious selection sizes road metal the aggre- 
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gate; aggregate covered with dust dirt; damp broken stone sand; Mr. 
overheated broken stone, sand, bituminous material; the use ex- 
cessively heavy three-wheel rollers; the coating the bituminous- 

covered aggregate with roadside dust, either before rolling preceding 

the application the flush-coat; insufficient bond between the founda- 

tion course macadam and the bituminous course, due certain 

cases over-compacting the lower course; and, finally, incompetent 


supervision the handling ‘materials and the details con- 
struction. 


designed, nearly possible, for the sustained, and, 
the present time, seems that possible draw the line closely 
between the necessity for mixed bituminous macadam and for less 
expensive type the one hand, and superior pavement the other. 

base mixed bituminous macadam which will sustain extremely heavy 
horse-drawn vehicle traffic, and even possible that the future 
pavement may found which will sustain the very heaviest horse- 
drawn vehicle traffic. the other hand, there doubt that even 
the most successful bituminous macadam constructed penetration 
layer methods will not sustain traffic equal weight that which 
may borne the mixed composition. 

This seems prove the superiority mixed aggregate over 
other kinds bituminous macadam when heavy loads drawn horses 
must sustained. For medium traffic, partly even almost alto- 
gether automobile, seems that the penetration and layer methods 
construction will answer. They are less expensive, course, but 
the mixing method superior one why should not 
the other? probable that its superiority will give much greater 
permanence, and that this may prove more economical. 
the other hand, large volume swiftly-moving automobile traffic 
may disturb the actual surface, causing abrasion such extent 
that either mixed, penetration, layer treatment will badly dis- 
turbed the surface after two three years, that would 
economy any case restore the surface continually before destruc- 
tion surface applications some form bitumen. 

The speaker does not intend these remarks argument 
favor one method construction over another; they are simply made 
for the purpose attention the fact that first 
importance consider whether economy construct bituminous 
macadam the mixing method instead laying the most expensive 
pavements, such vitrified brick, wood block, sheet-asphalt, first-class 
granite, etc., instead cheaper types bituminous surfaces. 

The speaker believes that there are many cases where asphaltic 
bituminous macadam could laid which would answer all the pur- 
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poses now served brick wood block, except that wood block 
quieter. Bituminous macadam, however, quieter than brick 
granite-block pavements. The cost such pavement should not 
exceed one-half that the brick other more expensive forms men- 
tioned above. Asphaltic bituminous macadam must constructed 
only selected materials placed with the greatest care. 

The actual operation mixing and placing aggregate may 
accomplished low cost careless methods, but the results will 
uncertain, and, without doubt, will result failures many cases. 
much depends the personal factor, that skilled and experienced 
labor should employed. This leads question machinery 
versus hand labor. From experience the speaker has doubt that 
machine work more satisfactory, machinery may used which 
will mix uniformly and thoroughly. almost impossible obtain 
uniform product hand mixing. 

One the most interesting roads, which both hand and machine 
mixing were used, was constructed the summer 1910 the 
State highway between the City Lynn and the Town Revere, 
Massachusetts. This road all the business traffic between Boston 
and Lynn and other cities and towns north and east, well large 
volume automobile travel. 

the road had not been subject very heavy horse-drawn vehicle 
traffic, mixed bituminous macadam would not have been constructed. 
The traffic was heavy that the Massachusetts Highway Commission 
thought advisable use bituminous material which was, far 
known, least likely oxidize and lose its and adhesive 
qualities until after the greatest period wear had been obtained. 
was finally decided use composition oil and refined 
natural asphalt, and mix this thorough manner with excel- 
lent quality trap rock. 

The work was complicated and made difficult and expensive the 
necessity keeping the road open travel. The entire width 
the roadway was only ft., hence only ft. were available one 
time. 

first the mixing was done hand, but the cool nights and 
mornings made difficult combine the stiff bituminous material 
with the cold stone satisfactorily, and was found that the work was 
progressing too slowly. Hence, was decided mix machinery. 
Two Smith concrete mixers were used. The stone was heated and the 
mixing accomplished with entire satisfaction. The two Smith mixers 
turned out daily sufficient material cover about 800 sq. yd. surface. 
This amount kept three steam rollers busy, and was all that could 
possibly handled. 

This practical type surface and the method operation 
strongly recommended for roads which are somewhat remote from 
central mixing plant and are subjected heavy traffic. 
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Frank (by letter)—In Mercer County, New 
Jersey, four pieces road have been re-surfaced depth in. 
more after compression with materials called some special trade 
name, where the mineral aggregate was coated mechanically with 
bituminous binder. These roads are giving far the best and most 
satisfactory results. 

This work has been done cost about cents per sq. yd., 
under guaranty years, and, after years service, does not 
show any appreciable indication wear; fact, judging present 
surface conditions, these roads should last for period years 
without any material expense. The writer understands, however, that 
similar work would cost the present time from cents per 
sq. yd., due increases the cost labor and materials, and the 
question royalties paid under patents granted for the con- 
struction bituminous road having 21% less voids. 

mineral aggregate the desired proportions size, coated 
mechanically with the required amount first-class bitumen the 
proper consistency, will, without doubt, give ideal wearing surface 
for new well re-surfaced roads, but, under existing 
and accord with recent legal decision, practically impossible 
compile specification, under which bids could received with 
unlimited competition, without infringement certain patent rights. 
the other hand, ask for bids under specification for 
restricted form construction, any special kind pavement, 
would immediately meet with disfavor the eyes the public, and 
raise the ery favoritism, regardless the merits involved. With- 
out open competition, useless expect the cost this form 
construction brought within the limit reasonable expendi- 
ture for general highway improvement, and its use will probably 
restricted districts fixed realty value and population. this 
true, are forced eliminate, when considering methods 
bituminous construction, the mechanical coating the mineral aggre- 
gate having low percentage voids, and confine our thoughts 
practically the spreading the road metal, the application the 
asphaltic binder the surface, hand otherwise, and then 
depend its penetration qualities give variable condition 
coated work. 

Being dependent, then, the penetration method produce the 
form construction for future highway improvement which will 
within allowable range cost, well method re-surfacing 
roads already constructed, the main question seems one proper 
asphaltic binder used. this question the writer’s judg- 
ment that fluxed natural asphalt will give the best and most lasting 
results, and, the end, prove the cheapest bitumen use, even 


*County Engineer, Mercer County, New Jersey. 
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the initial cost somewhat above that the artificial bitumens 
now the market. 


general description the experimental sections White Plains 
Road which were built order that comparison might made 
the cost and durability bituminous pavements laid the mixing 
and penetration methods, with water-bound macadam and other 
types pavements. 

The White Plains Road experimental pavements consist eighteen 
sections, ranging length from 100 350 ft., with width ft. 
Fourteen these sections comprise the bituminous pavement group, 
two which consist wearing surface broken stone and sand 
with asphaltic binder, built the mixing method and laid 
foundation. The wearing surfaces twelve sections were 
laid broken stone foundation, five built the penetration and 
seven the mixing method. all but one section built the 
mixing method the stone was heated. The remaining four are made 
follows: Hassam Portland Cement Concrete Pavement, water- 
bound macadam, Sicilian Asphalt Company’s Asphalto, which 
appearance resembles ground Kentucky Rock Asphalt, and surface 
application asphalt binder and sand old macadam strip. 
all but one section, where paving gravel was used the wearing 
surface, the stone, both for foundation and wearing surface, was 
Clinton Point crushed trap rock. 

The section built with the surface application and those built the 
penetration methods are discussed under Topics Nos. and 
respectively. 

These experiments were made with view determine 
service test suitable medium-priced pavement for suburban resi- 
dential streets, and also cheaper grade pavement for country roads 
and parkways, where the constantly increasing automobile traffic has 
made imperative lay something better than water-bound 
macadam pavement. Therefore, hoped that the information 
obtained through observation these experiments will value, 
both from engineering and economic point view. The main- 
tenance cost water-bound macadam subjected automobile traffic 
appalling, and consequently will necessary the future 
construct pavement where, even though the initial cost may 
little higher, the maintenance cost will very much lower. 

Accurate cost data the construction the various sections have 
been kept, and cost data the maintenance will also kept. 
Analyses the bituminous binders have been made the United 
States Office Public Roads, accordance with their methods 


Assistant Commissioner Public Works, Borough the Bronx, New York City. 
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testing bituminous binders, and accordance with the recommenda- 
tions the Special Committee the American Society Civil 
Engineers “Bituminous Materials for Road Construction,” and 
levels have been taken which will make possible ascertain the 
amount wear any time. 

the intention take traffic census the road once each 
month December, 1911. The census will taken Fridays, 
Saturdays, Sundays, and Mondays, order take into account two 
holidays and two normal week days. Due the fact that the speaker 
considers that these sections should undergo year’s use before any 
very definite knowledge their relative merits can expressed, 
does not desire report their present condition. 

The White Plains Road wide thoroughfare extending northeast- 
ward through the northerly section the Borough the Bronx 
Mount Vernon, and toward White Plains. The experimental road- 
way laid the east side the road, and extends from the inter- 
section White Plains Avenue and the Boston Road Burke 
Street, distance 4120 ft. The maximum grade and the 
crown in. to1 ft. streets intersect White Plains Road between 
the Boston Road and Burke Street, therefore all the sections will 
subjected the same amount traffic. double-track electric railway 
runs along White Plains Avenue, and the pavement carried 
the outside girder rail the track. 

The water-bound macadam section was laid basis compari- 
son, both with regard wear and cost construction. The cost 
experimental work this character, where the sections are short and 
all differ methods construction, necessarily high, 
organization can hardly perfected making satisfactory progress 
before the section completed. Therefore may safe assume 
that the excess cost the water-bound macadam may used 
determine the percentage deducted from the actual cost any 
other section, order ascertain its normal cost. The total cost 
per square yard the ordinary macadam, in. deep, laid this 
road, was $0.771, which about 25% excess the average cost. 

Work the experimental road was begun September 29th, and 
was completed November 22d, 1910. The number sections under 
construction the same time ranged from two nine. will 
observed, from the lateness the season and daily record the 
temperature taken during the period construction, that the work was 
not done under the most favorable conditions. The temperature when 
the work was progress varied from 79° Fahr., the average 
being 57° Fahr. was thought better make start 
and finish this season than wait about months for more perfect 
conditions. 
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observed that the labor item somewhat high. This 
partly due the rate pay, namely, $2.25 for 8-hour day, and 
partly the fact that the style work was entirely new the fore- 
man well the men. There are several points which stand out 
connection with the work, which may worth while noting, 
namely: the comparatively low cost Section where the binder was 
mixed with cold stone concrete mixer; the high cost per square 
yard for fuel where the stone was heated; the additional cost per 
square yard for mixing tar and asphalt; the excess binder used 
the seal coat several sections; the high cost handling the Amiesite 
pavement, due entirely the paving mixture being stiff, owing cold 
weather; the difference the cost the concrete foundations laid 
the mixing method and that the process spreading cement and 
mixed, sprinkling and rolling, water-bound macadam; 
and the high cost labor, namely, $0.054 per sq. yd., for spreading and 
rolling the broken stone foundation course, due re-handling the 
material. 

The methods construction used White Plains Road, both for 
penetration work and the mixing method, were rather crude, and unless 
suitable pressure machine used for penetration work which will 
insure equal distribution bituminous binder, and unless 
economical mixer used for heating and mixing the stone and 
bituminous binder, thereby decreasing the labor cost, the cost work 
this character will unnecessarily high comparison with water- 
bound macadam. The method construction, therefore, should 
taken into consideration comparing the relative cost the various 
sections with the water-bound macadam. 

description the methods construction, the binders used, and 
cost data relative the various sections constructed the mixing 
method, follows. traffic census taken January, 1911, and table 
temperatures, are also appended. 


Bituminous Pavement, Mixing Method, laid the Barber Asphalt 
Company. 


Foundation concrete foundation was laid, finished 
depth in., the proportions 1:3: 

Surface Course Paving paving mixture consists 
the following mineral aggregate weight, 73% paving gravel, 
sand, 14% dust, and 5.4% Bermudez Asphalt, 55° penetration. The 
mixing was done the Barber Asphalt Plant, then laid tempera- 
ture 220° and rolled finished depth in. with 10-ton 
roller. 


ROAD CONSTRUCTION AND MAINTENANCE 397 


per sq. yd. was applied, over which sand was spread. 


Cost PER SQUARE YARD. 
Concrete foundation, 


Surface course 
Seal coat 


Cost PER SQUARE YARD. 
Concrete Base, in. thick. 


Per square yard. 


$168.00 
stone, cu. yd., $1.65 141.90 0.185 
Sand, 52.08 0.068 


767 sq. yd., 


Watchmen 
Timekeeper 


Course. 

The cost was about 714 cents per sq. yd., estimated from the cost 
Bronx 55° penetration, deducting $27 for the difference the cost 
gravel and trap rock. 


Hours. Totals. 


Foreman 
Laborers ... 
Watchman 


767 sq. yd., $0.074 


Per square yard. 
$9.22 $0.026 
Chips, cu. yd., $1.90 9.50 0.027 
Binder, gal., $0.131 11.66 0.248 gal. per sq. yd. 


| 
0.715 
$1.439 
4 
No. Hours. Rate. Totals. 
$168.00 
No. 
ig 
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Mr. 
No. Rate. Totals. 

Carrying asphait 2.25 


The actual time laying the surface course was hours, 
average 767 sq. yd. per day. The actual time laying the seal coat 


was hours, average 957 sq. yd. per day. 


Bituminous Pavement constructed the Mixing Method and laid 


accordance with Borough The Bronx Specifications. 


thoroughly rolled with 18-ton roller finished depth 


about in. 
Surface Course Paving 


10-ton roller. 


per sq. yd. was applied, over which chips were spread and rolled. 


Cost YARD. 


$1.115 


CosT PER SQUARE 


Per square yard. 


106.4 cu. yd. trap rock, 
Per square yard. 
$110.48 $0.144 
Asphalt cement, 600 gal., 0.273 2.09 gal. per sq. yd. 
30% « 22.87 0.080 
2 760 Ib. $3.50. 4.83 0.006 
yd. 1.2. 3.75 0.005 
8 030 Ib. . 12.05 0.016 


The paving mixture com- 
posed two parts crushed trap rock passing through 1}-in. ring 
and not containing more than dust, one part sand and 7.4% 
weight Bermudez Asphalt, 55° penetration. The mixing was 
done asphalt plant, and the paving mixture was laid 
temperature 220° and rolled finished depth in. with 
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Connell. 


No. Hours. Totals. 


Foreman 
Laborers 


Rollerman 


fo 


767 sq. yd., $51.25 


Per square yard. 

3cu. yd., at $1.90.. 5. 0.016 
Asphalt gal. 0.085 0.26 gal. per sq. yd. 
Wood cord 1.52 


361 sq. yd., $0.081 $29.19 


LABor. 


Heating asphalt 
Pouring 


The actual time laying the surface course was hours, 
average 767 sq. yd. per day. 

Bituminous Pavement, Mixing Method. 

Foundation concrete base was laid, under the super- 
in.; stone was spread depth in., then screenings and 
cement mixed dry proportions 3:1 were spread, rolled, and 
sprinkled with water. The operation was repeated until the voids were 
filled. 18-ton roller was used. 

Paving Mixture Surface paving mixture com- 
posed parts crushed trap rock passing through ring 
and not containing more than dust, part sand, and 
Bermudez asphalt, 55° penetration. mixing was done 
asphalt plant, and the paving mixture was laid temperature 
220° and rolled finished depth in. with 10-ton roller. 

Seal Coat.—The surface course was painted with about gal. 
Cement per sq. yd., over which chips were spread and rolled. 


4 
= = ~ = — 
4.50 4.50 
| 
| 
| 
No. Hours. Rate. Totals. 
11 1.75 | 2.38 
1.% 4.76 
$9.52 
| 
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Mr. Cost PER YARD. 
onnell, 


Cost PER SQUARE YARD. 


Concrete Base, in. thick. 


Per square yard. 
$0,056 


Screenings.......... 9.0 14.85 0.042 


Spreading 0.052 


No. Hours. Rate. Totals. 


$19.96 


Course. 


Cost 
per square yard. 


$105.14 
Asphalt cement, 742. 0.273 2.1 gal. per sq. yd. 
Coal, soft, 300 3.00 7.95 


No. Hours. Rate. Totals. 
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Per 


Asphalt cement, 82.5 0.030 0.23 gal. per sq. yd. 
Wood, cord 6.50 0.010 


sq. yd., $0.080 


Totals. 


Heating asphalt $1. 
Spreading chips 

Timekeeper 


The actual time laying 


the surface course was hours, 
average 454 sq. yd. per day. 


Bituminous Pavement, Mixing Method, laid under the supervision 
the Standard Oil Company. 


Foundation Course—This consists crushed trap rock 


thoroughly rolled with 18-ton roller finished depth 
about in. 


Surface Course Paving paving mixture consists 
trap rock, 20% chips, 15% sand, and Standard Oil 
Company’s Special Asphalt Binder. The binder, stone, and sand were 


heated the ground and mixed hand mixing boards; the mix- 


ture was spread and rolled finished depth in. with 18-ton 
roller. 


over which chips were spread and rolled. 


Cost 


Cost PER SQUARE YARD. 
Base, in. thick. 


Per square yard. 


| 
| 
No. Hours. Rate. 
$8.80 
| 
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Per square yard. 
stone, cu. yd., $1.80.. 0.140 
Chips, cu. yd., $1.90........ 0.045 
Sand, cu. yd., $1.21......... 14.52 0.019 
Binder, 688 gal., $0.08........ 215.04 0.280 3.5 gal. per sq. yd. 


No. Hours. Rate. 
2 48 4.00 24.00 
2 48 2 25 13.50 
\ 8 192 2.25 54.00 


During the first days one gang worked; during the last days 
two gangs worked. The total quantity laid was 767 sq. yd., 
average sq. yd. per day per gang. 


Bituminous Pavement, Mixing Method, laid under the supervision 
the Texas Company. 

Foundation Course—This consists crushed 
thoroughly rolled with 18-ton roller finished depth about 
in. 

Surface Course Paving paving mixture consists 
trap rock and 6.7% weight Texas Macadam Binder. 
The binder was heated and mixed with the cold stone standard 
mixer the ground. The paving mixture was spread, and 
rolled with 18-ton roller finished depth in. 

Special (about gal. per sq. yd.) was applied, over which chips were 
spread and rolled. 


Cost 


Hauling binder 


| 
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Cost PER YARD. 
Base, in. thick. 


Per square yard. 


Course. 


Per square yard. 


stone, cu. yd., $1.80. 145.80 0.186 
Binder. 728 gal., $0.12...... 207 .36 0.265 2.2 gal. per sq. yd. 


No. Hours. Totals. 
3 132 2.25 | 37.12 


The actual time laying the surface course was days and 
hours, average 142 sq. yd. per day. 


Amiesite, laid under the supervision the Amiesite Company. 


Foundation consists 14-in. crushed 
and sufficient screenings fill the voids. This was spread, and then 
rolled with 18-ton roller finished depth in. 

Surface Course Paving paving mixture was 
shipped from the Amiesite plant, and laid two courses: the first 
course was composed 14-in. stone with binder, laid and rolled 
finished depth in. The second wearing course was com- 
posed stone, binder, etc., laid and rolled finished depth 
The paving mixture, therefore, had finished depth in. 
18-ton roller was used. 

Cost YARD. 


Surface Course— 


Does not include cost Amiesite. 


Mr. 
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Mr. Cost PER SQUARE YARD. 
Base, in. thick. 


Per square yard. 
21. “ 


screenings, 35.11 0.046 

Course. 

No. Hours. Rate. 

| 

Screenings, cu. yd., $2.47 per sq. yd. 


No. Hours. Rate. Totals. 
No. Hours. Rate. Totals. 
| 
| 9 5.00 } 16.58 
6 2 5.00 8.1% 
| 4 13 5.00 | 8.12 
| | 


The actual time laying the surface course was days and 
hours, average 306 sq. yd. per day. The material was very 
hard, due the length time the cars, making the 
work unloading from the cars and laying the surface very difficult. 
Under favorable conditions the labor should reduced per cent. 
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Sicilian Asphalt, laid the Sicilian Asphalt Company. 

Foundation consists 14-in. crushed 
rolled with 18-ton roller finished depth in. 

Surface Course Paving paving mixture 
“Asphalto,” and was mixed the Sicilian Asphalt Company’s plant, 
hauled White Plains Avenue and spread. The paving mixture was 
not rolled until comparatively cool, and then Sicilian Asphalt 10-ton 
grooved roller was used. The finished depth was in. light layer 
cement was then sprinkled over the surface. 


Mr. 
Connell, 


PER SQUARE YARD. 
Base course 
Surface course— 
Field labor 
Cement 
Hauling 


Base, in. thick. 


129.9 cu. yd. trap rock, $1.65 


SurFACE 


Foreman 

Spreading 

Spreading cement.... 

Rollerman 


718 sq. yd., 


Cement, bags, $1.35 per bbl $0.001 per sq. yd. 


loads, $0.087 per sq. yd. 


The actual time laying the surface course was hours, 
average 1148 sq. yd. per day. 


Bituminous Pavement, Mixing Method, laid under the supervision 
the Barrett Manufacturing Company. 


Foundation consists 14-in. crushed trap rock and 
screenings, rolled with 18-ton roller finished depth in. 


Cost Asphalto not included. 


iz 

| 

| 

Per square yard. 
$214.33 
4 
No. Hours. Rate. Totals. 
{ 
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Mr. Surface Course Paving paving mixture consists 
parts 3-in. crushed trap rock, part chips and 64% 
weight Tarvia The stone and Tarvia were heated the 
ground and mixed hand mixing boards, spread, and rolled with 
18-ton roller finished depth in. 
Seal 0.6 gal. per sq. yd. Tarvia was applied, 
over which chips were spread and rolled. 


Cost 


Cost PER YARD. 
Base, in. thick. 


Per square yard. 


68.1 cu. yd. trap rock, $112.36 


Per square yard. 


Chips, 26.60 0.054 
Binder, 344 gal., 127.68 0.261 2.7 gal. per sq. yd. 
491 sq. yd., $0.918........... 


No. Hours. Rate. Totals. 
é 50 2.25 2. 
Per square yard. 
Chips, 3.5 cu. yd., $1.90..... 6.65 0.014 
Binder, 288 gal., $0.095...... 0.055 0.58 gal. per sq. yd. 


491 sq. yd., $0.187........... 


q 
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Squeegee 

Heating and carrying binder 

Spreading chips 

Wheeling and heating 
Rollerman 


29 29 

BSSLRRS 


| 
| 
| 
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$33.24 


The actual time laying the surface course was days and 
hours, average sq. yd. per day. The actual time laying 
the seal coat was day, average 491 sq. yd. per day. The 
chips required heating, they were wet and cold. 


Bituminous Pavements, Mixing Method. 


Foundation Course.—This consists 14-in. crushed trap rock and 
screenings, spread and rolled finished depth in. 


the binder consists mixture tar and 10% refined Bermudez 
tar and 15% Bermudez asphalt 60° penetration. From 
40, the binder consists mixture tar and 15% Ber- 
mudez apshalt 110° penetration. From 50, Ber- 
mudez asphalt 110° penetration was used for binder. The paving 
weight bitumen. The stone and binder were heated the ground, 
mixed hand mixing boards, spread, and rolled with 18-ton 
roller finished depth in. 
Seal 0.6 gal. asphalt per sq. yd. was applied, over 
which chips were spread and rolled. 
Cost PER SQUARE YARD. 

Base 

Surface course. 

Seal coat 

Fuel 

Hauling binder 


Mixing binder 


Cost PER SQUARE YARD. 
Base, in. thick. 
Per square yard. 


Labor 0.054 


: 
No. Hours. Rate. Totals. 
1 8 } 
2 16 
4 82 
1 7 
q 
0.002 
0.076 
' | 
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Surrace Course. 
Per yard. 
fin: 87 “ 1.80 66.60 0.181 
Binder, gal., 0.319 2.7 gal. per sq. yd. 
No. Hours. Rate. Totals. 
4 192 2.25 53.98 
Per square yard. 
Binder, 264 gal., $0.118........... 31.15 0.076 0.64 gal. per sq.yd. 
Tar AND ASPHALT GROUND. 
This labor included part two days, requiring heating twice 
and emptying from kettles barrels for future use. The material 
should mixed used, requiring only extra kettle kept hot, with 
asphalt ready mix. 
No. Hours. Rate. Totals. 
Heating and carrying 2.25 5.34 
Wheeling and heating 2.25 5.62 
Mixing binder plant, $31.56 $0.076 per sq. yd. 
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The cost this section high because the work was not Mr. 
tinuous, due waiting for binder and also due cold weather, which 
made the stone harder heat. The chips were wet and cold, and 
required heating. 

The actual time laying the surface course was days, 
average sq. yd. per day. The actual time laying the seal 
coat was hours, average 551 sq. yd. per day. 


Bituminous Pavement, Mixing Method. 


Foundation Course.—This consists crushed trap rock and 
spread and rolled finished depth in. 

Surface Course Paving paving mixture consists 
parts trap rock, part trap rock chips, and 
weight refined tar. The binder and stone were heated the 
ground, and mixed hand mixing boards, spread, and rolled with 
18-ton roller finished depth in. The binder used was 
refined tar made accordance with specifications drawn 
the Office Public Roads, the United States Department Agri- 

Seal Coat.—About 0.6 gal. per sq. yd. was applied, over which 
chips were spread and rolled. 


Cost 


Surface course 
Seal coat 


Hauling binder 
Tar and stone heaters 


PER SQUARE YARD. 


Base, in. thick. 


Per square yard. 
113.6 cu. yd. trap rock, $1.65 
Labor 0.054 


Per square yard. 
Labor 
Chips, 27.5 cu. yd., $1.90 52.25 0.064 
Binder, 016 gal., $0.10 201.60 0.246 2.46 gal. per sq. yd. 


819 sq. yd., $0.868 711.26 


| 
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No. 


819 sq. yd., $0.868 


Labor 


819 sq. yd., $0.135........... 


Heating tar 
Carrying tar 


Chips, 6.0 cu. yd., $1.90,.......... 


SEAL Coat. 


Per square yard. 


$110.29 


Hours. 


0.014 


Rate. 


$4. 


Totals. 


0.059 0.59 gal. per sq. yd. 


Hours. 


Rate. 


The actual time laying the surface course was days and 
hours, average 126 sq. yd. per day. 


ing the seal coat was day and hours, average 655 sq. yd. 


per day. The chips were not heated. 


Heaters, Erc. 
Macadam Base. 


379.5 cu. yd. trap rock, 


87.9 


screenings, 


$626.17 
€2.61 


2) 


Per square yard, 

0.022 
0.054 


The actual time lay- 


2.25 17.71 
201 2.25 
2.25 
140 2.25 39.37 
36 2.25 10.12 
200 2.25 56.25 
176 2.25 49.50 
23 2.25 6.47 
4.50 
48.00 
10 2.25 81 
2.25 
| 
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334-in. Macadam Base. Per square 


Connell. 
screenings, 


334-in. Macadam Base. Per square yard. 
yd. trap rock, $4.165 


DU. 


0.054 


cu. yd. 1%-in. trap rock, $1.65.. 214. 


0.054 


434-in. Macadam Base. Per square yard. 
cu. yd. trap rock, $1.65 97. 
Labor 


Base 


Foreman, hours, cents 
Laborers, 
Rollerman, 


713 sq. yd., $0.054 


$0.048 per sq. yd. 568 sq. yd. 

$0.021 per sq. yd. for penetration and mixing with cold stone. 


Estimated: 

The heating surface required heat the stone was twice the area 
that required heat the tar and asphalt, therefore the mixing 
jobs when the stone was heated, required three times the quantity 
wood used penetration cold stone sections, when the binder only 
was heated. 

Hauling cost hauling 12000 gal. was $93.70 
$0.0078 per gal., the cost for the same haul should be: loads 
2500 gal. per day, $6.50 $0.0026 per gal. 

Tar Kettles and Stone Heaters.—Tar kettles cost about $100; their 
life years. Interest for years, plus sinking fund 
$8.006 per year for years $120.06. The total cost $120.06 for 
years $12.006 per year; 120 working days cents per day. 

Stone heaters flat plates cost about $15.00; their life years; 
interest for ten years, plus sinking fund 
for years $18.00. Total cost $1.80 per year; 
cents per day. 


$1.20 per year 
120 working days 


| 
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TABLE TEMPERATURES. 
Temperature. 
Pavement. Date. Weather. 
Bronx Asphalt, 55..... Sept. 30,°10. Begun...... Hazy. 
Nov. 15, °10. Finished Cloudy. 
€0 68 69 Fair. 
40 49 53 Clear 
Tar and Asphalt Mix- 
40 49 53 Clear. 
& 34 40 43 Clear. 
| 49 54 56 Clear. 
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onneul. 


January 6th, January January 9th, 


Horse without vehicle 
Horse vehicle, light 

Horse vehicle, heavy 

horse vehicle, light 

horse vehicle, heavy 
vehicle 

4-horse vehicle 
2-passenger car 

4 or 5-passenger ear 

6- or 7-passenger car 
Freight truck, omnibus, etc 
engine 

2-traction engine 
Miscellaneous heavy traffic 


» 
4 
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This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


EXPERIMENTS RETAINING WALLS AND 
PRESSURES TUNNELS. 
Discussion.* 


Worcester, Am. Soc. (by letter).—In reading Pro- 
Cain’s admirable paper relating experiments 
ing walls, the writer has looked vain for word caution 
the effect which time plays modifying the condition equilibrium 
within mass earth. The author evidently considers necessary 
allow (by using factor safety) for possible lessening the 
angle friction account change the amount moisture, 
and possible vibrations, but states that great majority cases 
the greatest thrust will occur where the earth has been recently 
deposited. would appear that neglects possibility, not 
vrobability, readjustment the earth particles through the influ- 
ence time, which the angle friction lessened not wholly 
cancelled. 

The theory that cohesion the earth and frictional resistance 
the back the retaining wall account for the experimental results 
seems indisputable, but such experiments must needs carried through 
reasonable time, and, that respect, least, must needs differ 
from actual constructions which are intended permanent. 

well known that unbraced excavations can often carried 
vertically considerable depths safety, but that not infrequently— 
many have learned their sorrow—such unbraced banks have sub- 
sequently caved in. The slides the cut may mentioned 


*This discussion (of the paper William Cain, Am. Soc. E., published 
Proceedings for January, 1911, but not presented any meeting), printed Proceed- 


ings order that the views expressed may brought before all members for further 
discussion 


| 
| 
| 
| 
ease 


Papers.] EXPERIMENTS RETAINING WALLS, 415 


similar illustration. sure, the delayed motion the earth 
(or rock) may attributed the effect moisture, but that does 
not invalidate the argument, one always has reckon with water. 

also matter common knowledge that, braced excava- 
tions, the pressure the sheeting and bracing frequently increases 
time extent enormously exceeding the original pressure. 
many instances this has caused failure long delayed. 

Another instance the effect time found many retain- 
ing walls, which very slow motion has occurred, though the 
walls appeared entirely stable when first built. 

frictional tangential force along the back the wall may 
tend prevent motion, but difficult conceive this tangential 
force being perpetually present the back stationary wall after 
the back-filling has become settled and consolidated. the interior 
the mass earth rest the author admits that the reaction be- 
tween particles not along inclined lines, but rather that the lines 
pressure are vertical and horizontal. The vertical lines force 
are, course, caused gravity, and the horizontal lines the 
tendency particles wedge between those below and spread 
them. 

this conception the forces within mass earth reason- 
able, would seem might also extended the pressure 
against immovable vertical wall. One must then consider whether 
possible for horizontal pressure cause the wall move, 
without changing the conditions and introducing the inclined stresses. 
would seem within the bounds possibility that very minute 
motion might produced, and that this would followed 
readjustment stresses the earth which the forces would gradu- 
ally resume the horizontal direction. 

The nature the soil undoubtedly has much with this ques- 
tion. some kinds clay there appears sort viscosity, such 
frequently seen pitch and other materials, tendency toward 
slow flowing. amount pressure would cause sudden motion, 
but time will effect motion under slight pressure even the force 
gravity alone. appears that this condition produced the 
very minute particles, each moving individually into position 
which the surrounding forces balance. one vertical face 
such material one force the exposed particles out their 
position crowding them from behind, but each its turn will 
feel the pressure unbalanced and will slowly move out. This may not 
true the same extent, with granular materials large diameter, 
but familiar instance seen fine wet sand. small excava- 
tion dug wet beach sand, the banks will stand vertically first, 
but, watching closely, one may see the particles, beginning the 
foot the bank where there most water, gradually moving out, 
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overcoming the force cohesion, and ever tending seek condi- 
tion with level surface. seems quite likely that similar tendency 
would exist almost all soils, greater less degree, though per- 
haps might safely neglected mass hard, irregularly-shaped 
fragments stone could interlock. 

The point which the writer wishes make that word cau- 
tion should accompany this argument for the frictional and cohesive 
forces; that they cannot always relied on; and that sometimes 
the Rankine theory may better than the wedge theory design- 
ing, even though does not seem fit the experimental results. 

Another warning may not amiss, considering the safe thick- 
ness allow for retaining walls, and that the effect frost, where 
the surface the ground level and likely retain moisture. The 
swelling freezing, under these circumstances, may more 
than sufficient overcome the beneficial effects both cohesion and 
friction. Presumably this must provided for the “factor 
safety,” and itself justification for very appreciable factor. 

may well emphasize the fact that large part the 
author’s assumed factor safety seems absorbed keeping 
the resultant within the middle third the base. The proportions 
between width wall and height, determined pages and 78,* 
are such keep this resultant just within the base. If, with 
these same proportions wall, the factor were assumed that the 
resultant were within the middle third, would found nearer 
than The author’s statement page 79,* that not 
advocate the middle-third limit method design,” not wholly clear, 
but the implication that the resultant should well within this 
limit. this seems the factor safety would wholly 
absorbed thus locating the resultant, and would leave nothing for 
other elements uncertainty. 
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AND WHIPPLE. 


Hazen, Am. Soc. (by letter).—This paper contains 
most interesting and instructive record the actual operation 
large filter plant, and also record number experiments. The 
author has described some useful arrangements for improving the 
efficiency reducing the cost. 

The utility raking, intermediate treatment between scrap- 
ings, seems have been clearly demonstrated. Its practical effect 
allow greater quantity water passed between scrapings, 
thereby saturating—if the term may used-—the surface layer with 
clay and other fine matter before removing it, instead taking off 
when only thin surface layer has been thus saturated. 

The large proportion the total purification that takes place 
passing through three reservoirs successively, holding the aggregate 
quantity water equal about days’ use, very striking. Taking 


all the records, the percentage remaining after passing through these 
reservoirs, follows: 


Sediment for the year, 1909-1910, Table 

Turbidities, 5-year average, Table 3............... 

Bacteria, 5-year average, Table 

Bacteria, selected winter months high 
the raw water 

Bacteria, selected summer months with high num- 
bers the raw water 


*This discussion (of the paper Hardy, Am. Soc. E., published Pro- 
ceedings for December. 1910, and presented the meeting February 15th, 1911), printed 


Proceedings order that the views expressed may brought before all members for 
further discussion. 
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There considerable seasonal fluctuation the results settling 
and filtering, shown Table 21. 


Winter. Spring. Fall. 


Year. 
3 1 0.3 1 2 
| 
Bacteria per cubic 300 980 160 270 940 
Percentage left filtering .......... 8.0 11.2 8.2 2.8 
0.90 0.70 1.12 0.81 


The fluctuation the efficiency the plant whole seasons 
greater with the turbidity than with the bacteria. During the winter 
the effluent contains the turbidity the raw water, and 
summer only 0.3 per cent. Most this difference represented 
the increased efficiency the filters summer, and only little 
the increased efficiency settling. With bacteria, the other 
hand, the seasonal fluctuation the plant whole comparatively 
small, but the settling and storage processes are much more efficient 
summer than winter, the filters being apparently less efficient. 
The writer believes that they are only apparently less efficient, and not 
really so, the explanation being that some bacteria always grow the 
under-drains and lower parts the filter, and are washed away the 
The average number bacteria summer the settled 
water 160 per cu. em. and the filtered water 18. These are very low 
numbers. the writer’s view that nearly all these represent 
under-drain bacteria, and practically bear relation those the 
applied water, and, this view correct, the number bacteria 
actually passing through the various processes all times less than 
the figures indicate. the warmer part the year the difference 
wide one, and the efficiency the process much greater 
than indicated the gross numbers bacteria. 

The reduction the typhoid death rate has not been great with 
the change water supply was the case Lawrence, Albany, and 
other cities, apparently because the Potomac water before was filtered 
was not the cause large part the typhoid fever. 

The sewage pollution the Potomac much less than that the 
Merrimac and the Hudson, and perhaps not surprising that this 
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relatively small amount pollution was less potent causing typhoid 
fever than the greater pollution rivers draining more densely popu- 
lated areas. 

The method replacing the washed sand hydraulically seems 
have worked better than could have been reasonably anticipated, and 
the writer believes that this was due, part, the excellent method 
manipulation described the paper. his feeling, however, 
that part the success attributable the very low uniformity 
coefficient the sand. other words, the sand grains are nearly all 
the same size, due the character the stock from which the 
filter sand was prepared; and, therefore, there much less opportunity 
for separation the sand according grain sizes than there would 
with the filter sand which has been available most other cases. 

Filter sand with uniformity coefficient low that obtained 
Washington has been rarely available for the construction sand 
filters, and while the method hydraulic return should certainly 
considered, will not safe assume that equally favorable results 
may obtained with with sands high uniformity coefficients 
until actual favorable experience obtained. 

The writer believes that calculating the cost the water used 
the plant itself the price chosen the author, covering only the 
actual operating expenses pumping and filtering, too low. The 
capacity the whole Washington Aqueduct system reduced what- 
ever quantity used this way, and, calculating the cost sand 
handling, the value the water used should calculated basis 
which will cover the whole cost the water, including all capital 
charges, depreciation, operating expenses, and all costs every descrip- 
tion. this basis the water used the sand-handling operations 
would probably worth five more times the sum mentioned 
the author. 

The cost operation the plant has come within the estimates 
made advance, and has certainly been most reasonable. The cost 
filter operations has averaged only about cents per million gallons, 
and low that obvious that the savings which may made 
introducing further labor-saving appliances would relatively 
small. will remembered that ten fifteen years ago the cost 
operating such filters under American conditions was commonly from 
per million gallons. 

The experiments represented Tables 19, inclusive, serve 
show that preliminary filtration, multiple filtration, any system 
mechanical separation incapable entirely removing the finer 
clay particles which cause the residual turbidity the They 
also show that this turbidity may easily and certainly removed 
the application coagulant the raw water during the occasional 
periods when its character such require it. 
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These general propositions were understood those responsible 

for the original design the plant, shown the author’s quota- 

tions. These experiments, however, were necessary order demon- 

strate and bring home the conditions those who thought differently, 

and who believed that full purification could obtained filtration 

alone, double filtration, without recourse the occasional use 
coagulant. 

The experiments briefly summarized Table are the greatest 
interest and importance. Six small filters, otherwise alike and like 
the large filters, all received the same raw water and were operated 
different rates determine the effect rate efficiency. 

That the experimental results from the filter operating the same 
rate the large filters were the whole somewhat inferior those 
from the large filters for approximately the same period, may 
attributed the fact that the experimental filter was new while the 
large filters had been service for some time and had thereby gained 
efficiency. The greatest difference was the coli results Table 
20, where shown that 24% the 10-cu. cm. effluent samples from 
the experimental filter contained coli, comparison with only from 
such samples from the main filters. 

The results from the experimental filter operating rate 
1000000 gal. per acre daily may fairly excluded, the effluent 
probably contained more under-drain bacteria proportion than 
filters operated higher rates. The number bacteria the filter 
operating 3000000-gal. rate were 1.7% those the applied 
water; for the filter operating twice fast, the percentage was 2.4; 
and, for the one operating more than ten times fast, was only 3.0; 
thus indicating surprisingly small increase the number bacteria 
with increase rate. 

Further and more detailed study the writer the unpublished 
individual results, briefly summarized Table 20, confirms the sub- 
stantial accuracy the comparison based the average figures 
stated that table. 

must kept mind, considering these results, that the 
number bacteria each case made two parts, namely, those 
coming through the filter—which number presumably greater the 
rate greater—and, second, those coming from harmless growths 
the under-drains and lower parts the numbers which 
per cubic centimeter are presumably less the rate greater—and 
these two parts, varying opposite directions, may balance each 
other, they seem this case, through considerable range. 
may thus that the number ‘bacteria really passing the filter 
varies much more with the rate than indicated the gross results. 

also interest note that the sand filter (called pre- 
liminary filter) Table 18, filled with the same kind sand, when 
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operated average rate gal. per acre daily for year, mr. 
allowed 18% the applied bacteria pass, comparison with 
found Filter No. Table 20, operated average rate 

000 000 gal. per acre daily. 

There was one point difference the manipulation: the pre- 
liminary filter was washed reversed current water, mechani- 
filters are washed, while Filter No. was cleaned scraping off 
the surface layer, usual with sand filters. Whether the great 
difference bacterial results with relatively small difference rate 
attributed this difference manipulation the writer will 
not undertake state. 

the experimental results Table indicate correctly the 
conditions which obtain filtering Potomac water, then increasing 
the rate filtration double it, more than double it, would 
make but little difference the quality the effluent measured 
the usual bacterial methods. the increase rate were accom- 
panied the preliminary filtration the water, then, presumably, 
there would little change the quality the effluent, and the 
maintenance excellent results might incorrectly attributed the 
influence the preliminary filter. 

would also seem that the apparatus which sometimes used for 
determining and controlling the rate with more than the ordinary 
degree precision hardly justified such experimental results 
those presented the author. 

contrast these results may mentioned those obtained 
Mr. Clark,* for experimental filters operated with Merrimac 
River water, rates ranging from 000 000 gal. per acre 
daily. The results are the average nearly two years experimental 
work, the period having been nearly coincident with that covered 
the author’s experiments, and many hundreds bacterial analyses 
each effluent, and form, with the author’s experiments, the most 
thorough-going studies the effect rate efficiency that have come 
the writer’s attention. 

Mr. Clark’s results are given Table 22. 


Bacteria per 
Effective Rate, Bacterial cu. cm. 

acre daily. effluent. positive tests). 


3 000 000 48 99. 
5 000 000 85 98. 
7 500 000 105 98. 
10 000 000 110 98. 
16 000 000 280 95. 


Journal, New England Water-Works Association, Vol. 24, 589. 
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will seen that the number bacteria passing increases 
rapidly with the rate, and whether the total number bacteria con- 
sidered the coli results, the number passing approximately 
proportion the rate. other words, doubling the rate substan- 
stially doubles the number bacteria the effluent. 

This entirely harmony with all the Lawrence experimental 
results extending over period years. There have been occa- 
sional apparent exceptions, the whole, experience with Merri- 
mac River water has uniformly been that more bacteria pass the 
rates are higher. 

The theory sometimes advanced, that the efficiency filtration 
controlled certain extent gelatinous films, and that, far 
thus controlled, less dependent rate, would not seem borne 
out these results. The Merrimac River water, carrying large 
amounts organic matter, would certainly seem better adapted the 
formation such films than the clay-bearing Potomac water, com- 
paratively free from organic matter; but the Potomac water which 
seems show the least influence rate efficiency. 

The experiments show that turbidity passes more freely the 
higher rates with the Potomac water, has also been found 
the case with other clay-bearing waters. 

the last lines Table are given cost per million gallons for 
filtering various rates. There discussion these figures, and 
they differ considerably from those which the writer has been 
accustomed use, the calculation Table 23, made three years ago for 
particular case, may interest. 


TABLE 23.—RELATIVE COST FILTERING DIFFERENT RATES. 


Nominal rate, millions gallons 
per acre daily: 


3 5 10 20 

Percentage which average yield nomi- 

Average output per acre, millions 

Cost that part filters per acre 

$12 000 $20 000 $40 000 $80 000 
Cost that part filters per acre not 

Total cost filters per 000 130 000 
Cost per million gallons capacity......... 14000 000 500 
Cost per million gallons average daily 

Capital charges and depreciation 

COSt PEP 4.00 | 2.87 1.97 1.64 
Operating expenses, the same all rates.. 1.00 1.00 1.00 1.00 
Total cost filtering, excluding pumping, 

storage, and all auxiliaries................ 5.00 | 83.87 2.97 2.64 
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When the costs pumping, pure-water reservoirs usually neces- 
sary, are taken into account (which add equally the cost all 
rates), the cost filtering will vary less with the rate than indicated. 

The effect rate cost, calculated Table 23, and also the 
percentages the bacteria the raw water found the effluents 
the author and Mr. Clark, are shown Fig. 10. 

Considering all these results together, and also all the other evi- 
dence known the writer bearing this point, seems clear that 
filters are not sensitive changes rate, within reasonable limits, 
has been frequently assumed; but, the other hand, there 
usually substantial increase the percentage bacteria passing 
through filter with increased rate. 


Washington Plant 
6 Years’ A yerage | 


RATE, MILLION GALLONS PER ACRE DAILY. 
10. 


Filters furnish relative, not absolute, protection against infectious 
matter the raw water. The higher the bacterial efficiency, the more 
complete this relative protection. 

The cost filtering does not decrease inverse ratio the rate, 
but much slower rate. This especially true with rates more 
than 5000000 6000000 gal. per acre daily. 

general, rate filtration may rationally selected which 
the value the possible danger resulting from increase rate 
equal the saving that may made cost its use. This point 
must matter individual judgment. The tendency the last few 
years has been use higher rates, or, other words, cheapen the 
process and tolerate larger proportion bacteria the effluent. 
The use auxiliary processes has been favorable this, especially 


| 
| | | 
Dillion | | | 
| | | | 
| of & | | | | | 
a 
« 


Mr. 
Hazen. 


Mr. 
Johnson. 


424 DISCUSSION: WASHINGTON WATER FILTRATION 


the use chloride lime, connection with either the raw water 
the effluent. 

the judicious use this substance, efficiency may main- 
tained while using higher rates than would otherwise have been 
desirable. 

The writer believes that there will many cases where the added 


risk using too high rate not worth the relatively small saving 
cost that accompanies it. 


Assoc. Am. Soc. E.—This paper con- 
tains information exceedingly interesting nature. There com- 
paratively little difficulty obtaining accurate figures the cost 
construction water purification works, but, with costs operation 
such works, different. The data available published reports 
and papers are usually more less fragmentary, and unexplained local 
with reference the character the raw water, the cost 
labor and supplies, and methods apportioning these costs, intro- 
duce variables wide frequently render the published figures 
almost useless for purposes comparison. 

Mr. Hardy’s paper noteworthy that presents certain rela- 
tively new features slow sand filter operation which have been only 
lightly touched water purification literature the present 
time. These refer particularly means whereby filter may con- 
tinued service without removing portion the surface layer the 
filter surface itself when the available head has exhausted, and 
methods whereby washed sand may expeditiously and more 
economically restored the filter than has been the hitherto. 

Sand handling the most important item expense the oper- 
ation slow sand filter. Quite recently charge $1.50 per cu. yd. 
for sand transportation sand washers, washing, and restor- 
ing the filter, was not considered exorbitant, but the improved 
methods developed during recent years Washington, Philadelphia, 
Albany, and more recently Pittsburg (at all which places hydrau- 
ejection plays important part), have shown the feasibility 
reducing this figure nearly, not quite, two-thirds. 

The practice observed Washington raking over the surface 
the sand layer when the available head becomes exhausted, order 
avoid the and loss time necessitated shutting down the 
filter and scraping off the surface layer, unquestionably one the 
most striking advances slow sand filter operation recent years. 
rapid sand filter operation, prolong the period service between 
washings, agitation the filter surface has been used advantage 
for many years. The full value surface raking may not gen- 
erally appreciated, but the results which have followed trial this 
procedure Washington, Philadelphia, and Pittsburg have shown 
that the output filtered water between scrapings may doubled 
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trebled thereby, with injury the filter itself the quality 
the filtered water. The cost raking over the surface 1-acre slow 
sand filter unit less than $10 all the above-mentioned places, which 
fact itself shows the great saving money and time effected 
periodically substituting surface raking for scraping. Under ordinary 
conditions has been found that filter can raked advantage 
least twice between scrapings. 

the filters thus raked, deeper penetration suspended 
matter into the sand layer inevitable, but Pittsburg, Wash- 
ington, such penetration does not extend more than about in. below 
the filter surface. When the filter finally scraped, deeper layer 
removed, course, but clearly more economical remove deep 
layer one operation than remove separately several thinner layers 
equal total thickness. 

The lost-time element important one, and Washington this 
was the main reason for trying surface raking. became necessary 
increase the output the filters, and the ordinary scraping consumed 
much time that the sand-handling force was increased, working day 
and night. The raking expedient introduced this time this, 
and Mr. Hardy states that still followed when the work all 
pressing. The speaker has found Pittsburg, Mr. Hardy has found 
Washington, that raking nearly not quite effective scrap- 
ing restoring the filter capacity. 

Eleven years ago the speaker was connected with the preliminary 
investigations into the best methods purifying the Potomac River 
water for Washington. then appeared that while for the greater 
part the time during average year the River could 
classed among the clear waters the East, there were periods 
when excessive turbidity made necessary consider carefully methods 
preparatory treatment before this water could filtered effectively 
and economically. Mr. Hardy has said, considerable prejudice 
existed against the use coagulating chemical, and the expedient 
was therefore adopted giving the water long period sedimenta- 
tion order remove enough the suspended matter allow the 
clarified water treated slow sand filters. expert com- 
mission, consisting Messrs. Hering, Fuller, and Hazen, 
the oceasional use coagulating chemical, but this 
was not carried out. 

The River somewhat peculiar, that the turbidity 
its waters, shown the results presented Mr. Hardy’s paper, 
ranges from 3000 practically nothing. The bacterial content also 
varies widely, and Mr. Hardy’s tables show this variation from 
325 per cu. em. Such water this requires particularly 
preparatory treatment. The Dalecarlia Reservoir has capacity 
something like days’ storage, the Georgetown Reservoir the same, 
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and the Park Reservoir nearly days, making total sedi- 
mentation more than days. Without the use coagulant, 
significant that during period five years, even with days’ sedi- 
mentation, the average maximum turbidity the water delivered the 
filters was 106 parts per million, and the maximum average turbidity 
one month was 250 parts per million. The water filtration engineer 
can readily understand that waters turbid this cannot treated 
economically and efficiently slow sand filters. would appear that 
coagulating works might advantageously have been installed the 
entrance the Dalecarlia Reservoir. this had been done, and coagu- 
lant had been added the water times when was excessively tur- 
bid, considerably shorter period subsequent sedimentation than now 
exists would all probability have rendered the water all times 
amenable efficient and economical slow sand filter treatment. 

The prejudice Washington against the use coagulants has also 
manifested itself other localities, but the results which have been 
obtained during the past twenty years from rapid sand filters and from 
slow sand filters, treating waters previously coagulated with salts 
iron alumina, have shown how thoroughly unreasonable were these 
objections. this connection interesting note that there are 
the United States more than 350 rapid sand filter plants, and that nearly 
12% the urban population Continental United States being 
supplied with water filtered through rapid sand filters, connection 
with all which coagulating chemical used the preparatory 
treatment. 

Attention has repeatedly been called the fact that the relatively 
high typhoid death rate Washington, since the filter plant was in- 
stalled, was possible indication that the filters were inefficient. 
true that there has not been the marked reduction the typhoid death 
rate Washington, following the installation the water filtration 
works, that has been observed other cities America. For the six 
years prior the date which filtered water was supplied the citi- 
zens Washington, the average typhoid fever death rate was per 
100 000 population, against per 100000 for the five years follow- 
ing, reduction per cent. Albany, Y., where the first 
modern slow sand filter was built 1899, the typhoid death rate has 
been reduced per cent. Cincinnati, Ohio, the average death 
rate from typhoid ranged around per 100000 for years, but since 
the installation the filtration plant has been reduced point 
which places that city, with respect freedom from typhoid fever, 
the head all the large cities America; 1910 the death rate from 
typhoid Cincinnati was per Similarly, Columbus, Ohio, 
where the typhoid death rate before the installation the filtration 
plant 1906 was even higher than Cincinnati, was reduced 
less than per 100000 1910, whereas, for the previous five years, 
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was per 100000. Philadelphia, before the installation the filtra- 
tion works, had typhoid death rate more per 100000, and 
1910 the death rate from this disease was 17. Pittsburg, least that 

part now supplied with filtered water, for years had typhoid death 

rate more than 130 per but the present rate about per 

100 000. 


gathered correspondence and from Reports the Bureau 


the Census, Department Commerce and Labor, Mortality 
Statistics. 
from Birmingham, Ala., Dayton, Ohio, Fall River, Mass., Louisville, 


Ky., Memphis, Tenn., Oakland, Cal., and Providence, I., are not included, they are 
incomplete. 


Average | Average Average 

for six for five for 
1907. 1908. 1910. years, years, years, 
1900-05, 1906-10, 1900-10, 
inclusive. inclusive. inclusive. 


Albany, 

Atlanta, Ga 

Baltimore, 

Bridgeport, Conn........ 
Buffalo, 

Cambridge, Mass........ 

Chicago, 

Cincinnati, Ohio 

Cleveland, Ohio 
Columbus, Ohio 
Denver, Colo 

Detroit, Mich 

Grand Rapids, Mich..... 

Indianapolis, Ind 

Jersey City, 
Kansas City, 

Los Angeles, Cal 
Milwaukee, Wis......... 
Minneapolis, Minn 
Nashville, Tenn 
Newark, 

New Haven, Conn 

New York, N. Y 

New Orleans, 
Omaha, Nebr 

Paterson, J......... 
Philadelphia, 
Pittsburg, 
Richmond, 

St. Louis, Mo 

St. Paul, Minn 

San Francisco, Cal 
Scranton, Pa 
Toledo, Ohio 
Worcester, Mass........ 2 
Washington, D. C 89 


| | 


Filtered water section for Allegheny District not included. 
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TABLE ror THE 1905-1910. 


Period PERCENTAGE REMOVED. 


atio 

| REE 2.8 26 2 000 81 41 


While may perhaps seem unreasonable single out Washington 
particular sufferer this respect, highly probable that large 
share the typhoid still caused secondary infection, flies, im- 
pure milk, and private and wells. The speaker remembers dis- 
tinctly that ten years ago, when made investigation into the 
purity the water about 100 wells that city, large num- 
ber them showed unmistakable evidence being polluted with 
matter. Conclusive evidence would secured dispel any 
doubt the sanitary quality the filtered product hypochlorite 
lime were added the filtered water throughout one year through- 
out the typhoid months. seems strange the speaker, that for this, 
for other reason, this safe and non-injurious germicide has not 
yet been used Washington, view the fact that the present 
time being used continuously intermittently the treatment 
the water supplies scores the most important cities this 
country, among which may mentioned New York, Philadelphia, Cin- 
cinnati, Pittsburg, St. Louis, and Minneapolis. 


Morris Am. Soc. (by letter).—This 
the operation the Washington Filtration Works timely and 
great interest. ten years since the writer, collaboration with 
Charles Gilman Hyde, Am. Soc. E., presented 
record for the Lawrence, Mass., That paper was the first com- 
plete, detailed, and continuous history the actions 
obtained for long period time with such purification works.* 
Since then, the art filtration has advanced many ways, particu- 
larly regard the methods cleaning slow sand filters and 
the accompanying processes. well, therefore, again take account 
stock and see really what progress has been made. ‘Therefore, 
Mr. Hardy’s paper, giving description the operations system 
thoughtfully designed, after long consideration the problem, and 


operations carried under efficient and economical administration, 
Transactions, Soc. E., Vol. 258. 
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with thorough record all details, should furnish groundwork for 
the careful consideration the question stated above. 

The writer, using text some the ideas given the paper, 
but more particularly some those becoming prevalent elsewhere, 
desires discuss methods and costs operation, especially relation 
sand handling; and offer suggestions looking toward greater 
efficiency, well economy, carrying out the standard and well- 
tried methods. 

Theory Slow Sand what the process slow 
sand filtration? The answer this question involves many factors, 
some which are even yet but imperfectly understood. the early 
history filtration, the time the construction the London 
filters, only the straining capacity the sand bed, remove gross 
particles, was known. Later, when the organic contents water had 
become better understood, the chemical oxidizing powers the 
process were recognized performing important part. Finally, 
co-existent with the discovery the so-called “germ theory disease,” 
study the bacterial action filters resulted the recognition 
its importance. now universally thought that each these 
factors performs its useful function; that the size the sand, the 
amount organic matter remaining the surface the bed, the 
turbidity the applied water, and the bacterial content the influent, 
are some the things which depends the determination the 
relative importance each process. 

Engineers have been taught believe, the German school 
thought, that the film organic matter the surface the sand 
plays very important filtration. This Schmutzdecke, 
called, has been considered precious that stress has been placed 
treating with great care. was not wholly removed 
the time cleaning, and was not walked on, indented, 
any other way consolidated destroyed. fact, some 
cases, the wasting the first water after cleaning has been advocated, 
for the reason that not sufficient amount this organic film would 
left top the sand begin the filtration process properly 
immediately after the cleaning. 

late years, however, there has been tendency depart from 
this fundamental doctrine slow sand filtration. Various new 
processes for cleaning the sand surface have been advocated; some 
these partly destroy and others completely exterminate any semblance 
bacterial film the sand bed. These ideas, advanced without any 
real and serious discussion their intrinsic merits, their effects 
the public health, are not founded long continuous records such 
results are necessary establish confidence the final value 
any these methods. 

Rapid advances along this line have more recently, 
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notwithstanding the occurrence notable instances trouble and 
the resultant need complete repair filtration beds. Because the 
rough treatment the sand surface, penetration organic matter 
and filth into the bed had taken place. This caused deep clogging, 
prevented the usual yield water, and brought about lessened 
bacterial efficiency, due the attempt force water through the 
filters, and because some organic matter and growths the lower 
part the bed had furnished breeding place for more bacteria. 

All these endeavors reduce the work cleaning have been com- 
mendable, because scraping and sand handling are the items 
greatest expense slow sand filter maintenance. one has been 
desirous minimizing this cost. However, the writer will endeavor 
show, seems that attempts along this line should with the idea 
doing more economically, well efficiently, the things which one 
knows will accomplish the proper results, rather than unwisely adopt 
new methods which have not been tried for long enough period 
determine their effect the health. 

Pittsburg first taking the problem design 
Pittsburg, 1902, the writer had presented him for considera- 
tion and adoption, suggestion that certain method cleaning 
sand filters, which would involve the washing the sand place 
(similar that recently tried the Jerome Park Experiment 
Station, New York City), would advisable and economical. The 
decision then made has never been regretted. this plan involved 
such complete departure from those principles which had been well 
tried and had proven successful, was believed that was not safe 
adopt such method the municipal filtration works, from which 
the people were derive their drinking water. There more 
considered such problem than mere economy operation; the 
economy human life, the effect which requires far longer than 
few months trial determine, much more important factor. 
Believing that one should depart, until after long period con- 
clusive experimentation, from that principle which known 
safe (viz., take off small portion the clogging surface), the 
writer studied determine more efficient and economical methods 
accomplishing this end. 

device for scraping the material, just the same way with 
shovels, but more efficiently and more exactly, was developed George 
Baldwin, Am. E., under the general supervision the 
Bureau Filtration, which the writer was charge. However, 
account the unfortunate and earlier arrangement other con- 
structive matters, which the City’s Legal Department advised could 
not changed without upsetting the contract, the entrance doors 
the original forty-six filters were not built large enough permit 
the rapid and economical transfer these machines, and, this 
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act takes large proportion the total time operation, has 
not been found economical use them. The additional ten filters, 
recently constructed, with doors especially designed and large enough 
pass the machines, have not yet been placed operation. This 
said account lack funds and employees. Therefore, 
there has been opportunity demonstrate what the scraping 
machines can do, under the conditions for which they were designed 
operate. restoring machine, complementary device 
mechanical operation, which simply replaces the sand the same way 
that would wheeled back, with small percentage moisture, 
has accomplished its purpose well and economically. The sand 
placed the filters that there further settling; with smooth 
surface, needing additional adjustment; with absolutely possi- 
bility sub-surface clogging; and with the filters starting off exceed- 
ingly well operative results. 

Washington Washington, stated that the filters 
are still cleaned the old-fashioned method scraping with shovels, 
throwing the sand into piles, and afterward removing with 
movable ejector. Between scrapings there also occasional mid- 
period action raking the unwatered sand surface, for the purpose 
stirring the dirty film. This process does not remove any 
the clogging material from the bed, but said that injurious 
effects are produced, and that economical. stated that the 
so-called “Brooklyn method,” stirring the surface the sand while 
the water the bed, has been tried Washington, but with un- 
satisfactory results. seems have been advocated with greater 
fervor some other places. 

The method dry raking does not remove the dirty material, but 
loosens the pores the surface, and through this porosity permits 
clogging penetrate deeper into the filter. The method raking 
with water the bed, although removes some the organic dirt, 
also permits deeper penetration the remainder. The latest devised 
system washing the sand place, called the “Blaisdell method,” 
thoroughly destroys the Schmutzdecke above, and, the same time, 
must permit the formation subsidiary one below. the Nichols 
method, the material removed scraping conveyed ejector 
portable separator where receives single washing; the dirty 
water overflows the sewer, while the washed sand discharged 
through hose and deposited the recently surface. the 
latter partly impregnated with impurities, there is, this process, 
tendency toward sub-surface clogging. All these processes are 
marked and serious departures from the well-tried method cleaning 
slow sand filters, which, well known, will operate successfully 
purify polluted river waters and make them safe drink. all there 
the danger that they have not been sufficiently and carefully tried, 


Mr. 
Knowles. 


f 
Be 
t 
q 
| 


Mr. 
Knowles. 


WASHINGTON WATER FILTRATION [Papers. 


under scientific observation, results and possible effects the 
public health, sure that the bacterial efficiency can long continue 
satisfactory, with the application specifically infected waters. 
dangerous, and may even jeopardize the safety human lives, 
experiment water which furnished for drinking purposes. 
There also the added danger, well known from past experience, 
that few years (it may more less, depending the extent 
and intensity the new workings) the filters will need renovation, 
partly, not wholly, throughout the entire bed. Thus, considering 
the total cost during long term years, the apparently cheaper 
method may become the most expensive. 

There also interesting query regard the Washington 
method replacing sand the filters, and worthy most care- 
ful thought and attention. the process described can carried 
with and safety, will prove long and progressive 
step the methods operation. The difficulty, however, 
determining from any short-term runs whether such process can 
continued permanently without impairing the efficiency the sand 
bed. Apparently good conditions may change, after few years’ trial, 
and followed unsafe results and predicaments. This replacing 
sand with whatever dirt and detritus may travel with the 
carrying water certainly not equivalent the care with which 
has been understood that sand should deposited filters. 
not comparable with the care with which placed, when wheeled 
from washer, where dirty water overflows the lip, where placed 
machine restorer the filter, where the transporting water also 
overflows the weir and carried the sewer. 

These cheap and rapid methods doing the work, advanced 
the interests economy, and the idea that sand filters, receiving 
polluting waters, can operate higher rates than those which have 
demonstrated, and, therefore, have been led believe are safe, 
speeding the whole organization and operating conditions. 
like speeding machine for the purpose getting greater 
output, with the usual result that fast running means quicker wearing 
out both man and machine. Quicker operations generally mean 
carelessness doing the work, especially municipal service. Care- 
lessness engendered the thought that such work can handled 
rough and rapid way, and, further, the ridicule all these 
things, which have learned careful about, old-fogyish, out- 
of-fashion, and archaic. Carelessness operation breeds contempt for 
the art. Some the less efficient filter plants, from the standpoint 
effect the public health, may reflect such ill-considered methods. 

Economy with Efficiency particularly important 
find out whether one can secure the desired economy, and, the 
same time, the required efficiency. The development efficiency 
every line human endeavor receiving much attention present, 
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and not the least cause for this the growing recognition the 
demand for high standard service for the rate charged. One 
the first requirements have well-defined ideals and standards. 
When one knows how secure good and safe result, unwise 
depart therefrom for mere whim, secure supposedly lessened 
expense, unless other facts also determined favorably. The desire 
for economy must tempered good sense, which means that one 
should willing change method only when the wisdom such 
has been clearly demonstrated. Efficient service can only secured 
good discipline, accompanied fair dealing. This means employing 
more men than are actually necessary, paying them the basis 
the standard service and output produced, taking interest the 
working conditions, and providing for their health and welfare. 

About twelve years ago, the writer made some investigations the 
efficiency laboring gangs scraping and handling sand filter 
beds,* and found that ten men was the most economical number 
use the surface the Lawrence filter, then built and 
operated. This result was determined numerous studies the 
output per man per minute, with different numbers men working 
under different conditions. This same sort study has been carried 
further adepts the art, reference shop and similar manage- 
ment, but one fails find corresponding development along this line 
municipal organization except few the scattered Bureaus 
Municipal Research. These results, also, have related few the 
more common operations, such determining the cost per mile, per 
square yard, street cleaned, per million gallons water pumped. 

The cost the management water-works, one the largest 
factors enterprise, has never been investigated extensively and 
thoroughly. There much possibility planning for greater efficiency 
and determining what can accomplished under economical admin- 
istration. Every one aware the multiplicity men municipal 
service. Some these are entirely incompetent, others partly so; the 
recent appointees may more efficient, but the majority them 
gradually deteriorate under the subtle influence the prevailing atmos- 
phere, and each new incoming administration places more and more 
men the work, without reason necessity. All these tendencies 
have made the cost and maintenance public work greater and greater, 
and, the same time, have resulted frequently and steadily de- 
creasing the output and efficiency per employee. 

The Washington situation, however, presents admirable con- 
trast this, because the methods administration the public 
works the District Columbia and their freedom from petty 
political influence. The limited number employees has tended toward 
economy, and rendered this plant the envy all who have desired 
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obtain good management. Its cost items have been looked 
result long hoped for, but seldom obtained. regretted, there- 
fore, that such abrupt change methods removing clogging 
material and replacing sand has taken place without years experi- 
mental trial filters not furnishing drinking water the public, and 
without attempt, under such excellent conditions, maintain the 
efficiency better labor output and improved working and 
machine methods the performance the older and established order 
doing things. 

preparing water for the use the people, the realms the 
unknown are much larger than those which have been investigated 
and developed that there may many factors affecting the public 
health, and many ways which dangerous depart from well- 
known and surely safe methods. Who can say that some subtle 
and, present, unknown manner, the failure some places, where 
filtration practiced, reduce the death rate from typhoid fever may 
not due the introduction radical departures from the older, 
slower, safer, and more efficient methods which have produced such 
excellent results, both America and Europe? Further, cases 
where there has been falling off the typhoid death rate, the failure 
secure accompanying improvement general health conditions, 
which follows closely communities supplied water filtered 
accordance with the more conservative principles, may due the 
introduction some these not thoroughly tried processes. Some day 
full information may available the influence these methods 
plant operation the health the community. Until that time, 
not much better policy follow the principles which have been 
proven many years experience produce safe results, and 
make the foremost object the improvement the methods operation 
accordance with these established truths? 

There opportunity for the upbuilding greater efficiency the 
conduct employees and securing the maximum output, because 
more comfortable and healthful conditions than usually exist. The 
elimination political influence from municipal service 
which challenges the people to-day. The operating and managing 
engineer position perform important part accomplishing 
this end. The number employees can reduced those actually 
needed, and the way opened for the employment men who thoroughly 
understand the necessities honesty and efficiency the conduct 
affairs. should remembered that design and construct 
well only half the job; operate economically and efficiently even 
more than build, and requires just good talent, just keen appre- 
ciation the various problems, and even more essential public 
welfare. seems the writer that the logical development the art 
obtaining economy well efficiency should along these lines, 
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rather than revolutionize methods without having long-period test 
their value, and the same time allow political influences con- 
trol, large extent, the labor item. 

Preliminary Treatment.—The decision the preliminary treat- 
ment the Potomac River water before filtration interest, par- 
ticularly because various other decisions have been reached different 
sections the country. However, the main, these decisions have 
been due differences the character the waters, but must 
evident that they have sometimes been the result ill-considered action, 
the desire promote some special interest. The use preliminary 
filters, which involves large investment, not always com- 
mended, particularly because times reasonably good water the 
removal some the organic matter really injurious and lessens 
the effect the final filters. 

For long time, the writer has believed that, where other things are 
equal, and where there important reason for double prelimi- 
nary filtration, long periods storage, the use 
coagulant times severe and extreme muddiness, planned 
Washington, solves the problem the most practical and economical 
way. true that the investment for large storage basin may 
equal, even exceed, that required for preliminary filters; but the influ- 
ence storage the quality raw water never injurious, and, 
ripening the condition the water, may greatly beneficial the 
process filtration. 

The storage available such basin makes possible shut off 
the supply from the river during the worst conditions the water. 
The duration the most troublesome spells ordinarily does not exceed 
few days, and usually possible secure sufficient capacity 
the basin tide over these periods. Then again, long periods 
storage, addition assisting breaking organic matter, permit 
the dying out bacteria, particularly many the pathogenic kind, 
and, therefore, the water rendered much safer from this standpoint. 
other words, there additional insurance long storage against 
the faulty and careless operation incompetent filter employees. The 
addition coagulant, especially the fact that only very small invest- 
ment capital required for the necessary apparatus for dosing the 
water, and that the cost the coagulating materials has met only 
when used, seems give the process, most satisfactory manner, the 
requirement for economical management and thoroughness 
paring the water for final filtration. 

Parking Public disappointing that the author has not 
mentioned some the steps contemplated reference the land- 
treatment the Washington filtration area. Probably every one 
has been impressed the barren aspect the works they are 
approached, and one looks over them. Recently, however, 
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stated that some steps have been taken lay out the grounds, treat 
the surface attractive manner, and make park the area. 
The writer has firm opinion that when investment made for 
publie works, costs but little addition construct buildings along 
appropriate architectural lines, treat the grounds pleasing 
manner, and make the entire works credit the municipality 
from artistic standpoint. When treated broad lines, such areas 
become parks, and afford open breathing places for the residents, 
and, near centers population, may well equipped with play- 
ground facilities for the children. 

The influence which these ever-present examples attractiveness 
have the community becoming better recognized students 
social progress, and there seems doubt that spending money 
such features not only desirable from the artistic standpoint, but 
justified practical grounds well. cheaper than create 
parks, when necessity and demand longer resisted, buying 
property and occasionally tearing down buildings and constructing 
novo. That this work now being done Washington, even after 
construction, certainly recognition the advisability efforts 
this direction. 


excellent presentation the results the operation 
the Washington water filtration plant from the time its construc- 
tion 1905 until June, 1910. Papers this character are altogether 
too infrequent, and the actual results from the filters now use are 
not readily accessible detailed form. Yet only studying 
the results obtained filters actual use that improvements can 
made and the art advanced. 

Among the many important facts brought out Mr. Hardy, only 
few can selected for discussion. One these the operation 
filters under winter conditions. well known that the efficiency 
sedimentation basins and filters lower during winter than other 
times, yet just this season the year that there the greatest 
danger typhoid fever and similar water-borne diseases being trans- 
mitted water. Most the great typhoid epidemics have occurred 
during cold weather, and the very use the term “winter cholera” 
significance. Apparently, typhoid bacilli and similar bacteria are 
living and retaining their vitality longest during that 
season the year. Just why this so, bacteriologists have not satis- 
factorily explained. Doubtless many factors are involved. Because 
the increased viscosity the water, sedimentation takes place less 
readily lower temperatures, and inasmuch sand filtration 
partly dependent sedimentation, the efficiency tends fall off 
cold weather. During winter some the external destroying agencies 
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are less potent, such the sterilizing effect sunlight, and the 
presence and activity some the larger forms microscopic 
organisms which prey the bacteria. Another factor may the 
greater amount dissolved oxygen normally present water during 
cold weather, experiments have shown that dissolved oxygen favors 
longevity. 

Still another reason for the larger numbers bacteria that pass 
through water filter during cold weather may the effect that the 
low temperature has the size the bacteria themselves. few 
experiments made recently the writer appear indicate that 
low temperatures the gelatinous membrane which surrounds the bac- 
terial cells tends become somewhat contracted, thus decreasing the 
apparent size the bacteria seen under the microscope. this 
contraction occurs, the cells themselves are smaller when they 
develop the cold. possible also that low temperature affects 
the flagella the organisms the same way. not unreasonable 
suppose that the effect low temperature form what may be, 
effect, protective coating around the cells, which tends make 
them smaller, less sticky, and less subject outside influences. This 
would tend make them pass through filter more readily. line 
with this idea also the well-known fact that disinfection less effi- 
cient cold water than warm water. 

Another way viewing the matter that cold retards the growth 
bacteria the filter, thus reducing the effect the Schmutzdecke. 
Still another view the greater danger from bacterial contamination 
winter the theory that cold prolongs the life the bacteria 
merely preventing them from living through their life and reach- 
ing natural old age and death rapidly warm weather. 

Another topic Mr. Hardy’s paper which has interested the writer 
that preliminary filters. The experiments described length 
indicate clearly that such devices would prove little benefit 
under the conditions existing Washington, and that when the river 
contains considerable amounts suspended clay nothing less than 
chemical coagulation will suffice treat the water that the effluent 
will perfectly clear. Preliminary filters have been used for number 
years various places and with varying success. few instances 
have they been operated for sufficient length time been studied 
with sufficient care determine fully their economy and efficiency 
compared with other possible methods preliminary treatment. 

Among other experiments this matter are those made Albany, 
Y., and published Wallace Greenalch, Assoc. Am. Soe. E., 
the Fifty-ninth Annual Report the Bureau Water for the 
year ending September 30th, 1909. The Hudson River water used 
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Albany quite different character from the Potomac River water 
used Washington, less turbid and contains rather more 
matter. The results obtained these experiments showed that 
during the summer the number bacteria the effluent from the 
experimental sand filter used connection with preliminary filter 
did not differ widely from the number found the effluent the 
city filter where there was other preliminary treatment than sedi- 
mentation. the winter, however, the numbers bacteria did not 
increase the effluent from the experimental filter they did the 
from the city filter. This shown Table 26, taken from the 
report mentioned. 


TABLE WITH PRELIMINARY FILTER 


Bacteria 


Bacteriain preliminary effluent from 
38 350 4 235 67 227 
1907 } 


Apparently, therefore, Albany the benefits the preliminary 
filter, far bacterial efficiency concerned, would confined 
short period three four months each year. Under such cir- 
cumstances may well questioned whether the advantages 
preliminary filtration justify its cost. 

the diagram, Fig. 10, will found various data taken from 
the published records the Albany filter, from 1899 1909. These 
data include: The numbers bacteria before and after filtration; 
the percentage bacteria remaining the effluent; the average 
quantity water filtered, millions gallons per day; the quantities 
water filtered between scrapings; the turbidity the raw water; 
the cost filtration, including capital charges and cost operation; 
and the typhoid death rates the city per month. Several points are 
brought out conspicuously this diagram. One the uniformly low 
death rate from typhoid throughout the entire period. The filter was 
operated from 1899 until the fall 1907 with raw water taken from 
what known the “Back Channel.” Since then has been taken 


| 
| 
| 
i | 
7 
> 
q 
| 
7 
| 
| 


WASHINGTON WATER FILTRATION PLANT 439 


from new intake which extends into the Hudson River itself. mr. 
Until the fall 1908 the preliminary treatment consisted merely 
sedimentation, but since then the water has received additional 
preliminary treatment mechanical filters operated without coagulant, 


ake 


Millions Gallons per Acre} 


100— 


90- 


= 


Gallon 


FILTERS ALBANY, N.Y. 
RESULTS OPERATION, 
1899-1909. 
Compiled from data Annual Reports 
11. 
along the lines the experiments just mentioned. During this time 
the average rate filtration the sand filter has not changed 
materially, although said that the maximum rate has been 
increased since the preliminary filters were put service. The study 
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the bacteriological analyses shows that the best results were obtained 
during 1902, 1903, and 1904. Since then the numbers bacteria 
both the raw and filtered water have increased. This was especially 
noticeable during the winters 1907 and 1908 when the water was 
taken from the new intake. will interesting compare the 
results after the preliminary filters have been operated for long 
enough period ascertain their normal effect efficiency and the 
increased yield. 

Another fact drawn from the plotted Albany data the 
increase the cost filtration, both capital charges and opera- 
tion. From 1899 until 1906 the cost operation, including the cost 
low-lift pumping, was approximately per million gallons 
water filtered; and the total cost filtration, including capital charges, 
was about $10 per million gallons. During the year ending September 
30th, 1909, the cost operation had increased $7.63 per million 
gallons, and the total cost filtration $15.92 per million gallons, 
approximately 50% three years. 


Bacteria per cubie centimeter. 


Date Raw Effluent Effluent Tapin 
water. No. No.2. No.3. No. city. 
1909. 
December 190 100 
1910. 
800 29 22 26 35 43 36 
300 44 41 10 81 
August 16th.......... 60 5 0 4 1 13 15 
1911. 


FOR Coli. 


PERCENTAGE OF SAMPLES CONTAIN- 
ING Coli. 
Quantity water tested. 


Raw. 
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matter record, the results series analyses made 
Peekskill, Y., during 1910 are presented Table 27. sand 
filter was constructed for the water supply this city 1909, and 
put operation December. The filter has capacity 4000000 
gal. per day. The supply taken from Peekskill Creek, and the 
water receives about one week’s nominal storage before flowing the 
filters. aerator used before filtration during the summer, when 
alge are likely develop the reservoir. The filter was installed 
after epidemic typhoid which was apparently caused infec- 
tion the water supply. Normally, the water has been little contami- 
nated, but the supply subject accidental contamination any 
time, among other possible sources infection being the camps 


workmen now engaged constructing the Catskill Aqueduct for 
New York City. 


PARTS PER MILLION. PARTS PER 

25. 20. Loss on ignition........) 19.00 | 17.00 
Nitrogen as albuminoid Fixed residue.......... 50.00 59.00 
Nitrogen free am- Total hardness 45.10 
Nitrogen nitrites 0.001 4.60 4.50 
Nitrogen nitrates 0.06 0.06 2.70 
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THE PITTSBURG AND LAKE ERIE RAILROAD 
CANTILEVER BRIDGE OVER THE OHIO 
RIVER BEAVER, PA. 


Discussion.* 


Hacer. 


adopted for this bridge typical American practice. possible, 
however, that the form has been too closely adhered to, and that many 
its supposed advantages are illusory. 

Where the requirements grade and clearance demand floor 
small depth, the conditions are usually met, this case, some 
form subdivided truss. This introduces the same main panel 
the cantilever arm vertical member, which receives its maximum 
live load from the floor-beam its foot, and horizontal member, 
which stressed the maximum either with without the load 
the foot the sub-vertical. The sub-vertical cannot cambered for 
both conditions maximum stress the chord, and, therefore, the 
chord subject considerable transverse load addition its 
direct stress. they carry only one panel load the sub-verticals are 
small members and cannot properly hold all parts the chord against 
column failure they are generally assumed do. 

Those sub-members which are not subject primary stress and are 
intended only shorten the unsupported lengths compression mem- 
bers, sometimes pull push the latter seriously out line, and 
they are small section and long length not properly accom- 
plish the duty for which they are intended. 


discussion (of the paper Albert Raymer, Am. Soc. E,, published 
Proceedings for January, 1911. and presented the meeting March printed 


Proceedings order views expressed may brought before all members for 
further discussion. 
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The size the sub-verticals, with reference the main post and 
main diagonals the main piers, clearly shown Plate while 
the size the bottom chords not shown direct relation the sub- 
can stated that while they are large enough hold the 
chords definite position vertical plane, they cannot fully hold 
them from twisting and failure about their plane least resistance 
flexure. The theory flexure, and tests full-sized columns, show 
that the plane least resistance flexure not general that 
either the principal axes the member. 

Careful study the displacements which the panel points sub- 
divided truss must undergo under the action live load raises serious 
question the usefulness sub-members, and for trusses great 
height and relatively short main-panel length, they may source 
danger. 

believed that long truss should have long panel length 
which should nearly equal the truss depth any point, order 
that secondary stresses may small. 

There question but that the floor may kept shallow 
long panel, and that long panels may erected the use temporary 
members. 

For short spans, the pin-connected truss with tension members 
eye-bars has been driven out use better truss having riveted 
joints and tension members such form that their component parts 
are made act unit and permit making suitable connection 
between the members meeting point. 

believed many engineers that the riveted truss for long 
spans decidedly superior the eye-bar, pin-connected form, although 
this has not been completely proven the results experience. 

This structure may be, and undoubtedly is, safe every way, but 
the same result could have been accomplished better riveted truss 
without sub-members. 


River Railroad Bridge Beaver, Pa., one the great bridges 
the world. notable not only for its size, capacity, and safety, but 
for the foresight, care, and skill with which was designed and con- 
structed; the originality and ingenuity which some the problems 
presented were mastered; and the complete which rewarded the 
work the engineers who planned and supervised its fabrication 
and erection. 

view the importance the bridge and the ever-increasing 
loads American railways, was wise provide for load 6000 
per lin. ft. each track, and corresponding engines; and view 
this heavy load and the daring, not say hazardous, unit stresses 
permitted some large bridges, refreshing, and tends restore 
confidence American bridge engineering have the author refer 
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the limiting stresses for combined dead load, live load, and ample 
impact—16 000 per sq. in. tension and 14000 lb. compression 
—as high. 

The regard for the life and safety the bridge displayed the 
choice loads and unit stresses was consistently carried the design 
the details and the supervision the shopwork and erection. 

The horizontal girders which would protect the bridge and guard 
against accident case derailment, compelling the train skid 
over the ties instead bumping into the trusses, and the extra 
stringers support the ties case the train should skid, will probably 
never needed, but they ever should be, they will very much 
needed. They constitute insurance against accident life and 
property very satisfactory kind which substitutes prevention for 
compensation and well worth all cost. 

The radiai roller bearings under the towers the ends the 
channel span solve very satisfactory way the problem presented 
secondary stresses chords and unequal pressure masonry prac- 
tically avoiding them. This detail was expensive, but its cost was 
mere bagatelle comparison with the total, and may prolong the life 
the bridge many years and, the meantime, will contribute its 
reliability. 

this connection well point out that the enormous load 
the channel piers, reason the problem presented designing 
satisfactory shoes and details, doubtless responsible for the tall 
tower posts which divert themselves considerable portion the 
load which otherwise would travel down the diagonal end posts, 
straight top chord between the ends the diagonal end posts would 
have been more economical regards the weight the main section 
the trusses. 

The problem secondary stresses induced the endeavor the 
floor system take part the chord stresses has been avoided pro- 
viding for expansion rail joints and connections stringers 
floor-beams. This problem serious one, long-span bridges, and 
often neglected, with the result that serious horizontal bending 
stresses are developed the flanges the floor-beams, and tension 
the rivets connecting the stringers the floor-beams. 

The author calls attention the fact that: 

“The dead-load stresses were computed from weights figured from 
the stress sheets. This method was repeated until the sections, com- 


puted the basis the actual dead load, figured from the shop draw- 
ings, came within the sections used.” 


This careful and conscientious method should universal prac- 
tice designing long-span bridges (in which the dead such 
large proportion the total), and not matter for special commenda- 
tion, but prominent cases which was not followed and which 
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the dead-load stresses were greatly under-estimated, are yet fresh Mr. 
the memories engineers. 

The study which was given advance difficulties likely arise 
building and connecting such massive members, and the efficient 
manner, which the author makes mention, which the inspectors 
discussed such difficulties advance with millmen and shopmen, are 
especially commended. hoped that the author will describe 
some these difficulties and the efficient manner which they were 
overcome. 

The success achieved anticipating and providing advance for 
the difficulties encountered carrying out the plans, and the 
precision with which the work went together and maintained its proper 
levels and alignment during erection, were due the large range 
pertinent talent the employ the Railroad and the Contractor, and 
the broad-mindedness the Chief Engineer and Assistant Chief 
Engineer the Railroad, who exemplified the difference between self- 
confidence and self-sufficiency deriving the full benefit the talent 
their command, keeping touch and discussing important points 
with other members their profession, and keeping their own 
hands the final decision all important matters. 

The bridge marks advance bridge engineering, and should 
precedent for other large structures. 


Hacer, Assoc. Am. Soc. (by are mr. 
three features connected with the design and fabrication this bridge 
which can well emphasized, they may otherwise lost sight 
the many more impressive facts involved the execution this 
project. thorough manner which these three features were 
taken care shows clearly that the Railroad, the Consulting Engineer, 


and the Contractor, all had proper appreciation their great 
importance. 


These features are: 


(1) The care exercised determining. the true dead load from 
which the dead-load stresses were computed; 

(2) The fact that the structure was practically assembled place 
the shop, instead depending largely reaming 
templets for the accuracy shopwork and the fit field 

(3) “The fact that the material and the work were certain 
sense inspected before the work was done.” 


would hardly seem necessary call attention the 
importance determining the true dead loads for long and large 
structures which the dead-load stresses form such large proportion 
the total stresses. For these comparatively unusual structures, the 
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data, ordinarily hand for predicating the dead load with reasonable 
accuracy, not exist, and therefore the true dead load must 
determined successive approximations based the actual design. 

unfortunately true, however, that some large bridges have 
been built without checking the assumed dead load properly, and 
subsequent investigations have shown that these assumed dead loads 
were considerably below the actual weight the completed structures. 
will remembered that the Royal Commission which investigated 
the causes the collapse the Quebec Bridge found that the dead 
load used the design under-ran the weight the finished structure 
amount sufficient have required the condemnation the 
bridge, completed designed. The writer has participated the 
investigation the strength two our largest bridges. the 
first these the purpose the determine whether 
the live load could increased without rendering the structure unsafe, 
and was found that this could not done—not because the 
increased live-load stresses, but because the dead-load stresses, com- 
puted from the weight the completed structure, exceeded those used 
the original design nearly one-third. the second these 
investigations, was found that under-estimating the dead load was 
one three contributing causes the weakness the structure under 
the specified live loads. 

The dead-load stresses bridges unusual size construction 
should re-computed after the completion the working drawings, 
and the sections revised and shopwork should 
begun until this has been done. 

(2).—The practice reaming field connections templets, which 
has been generally used fabricating companies with ordinary 
structures, one which the writer believes decreasing, and one 
which will decrease still more. The efficiency these templets depends 
much the accuracy their setting, their accuracy con- 
struction, and this requires supervision grade not generally 
obtained bridge shop. 

The inspector cannot check the fit field connections, the 
finished members, with the same accuracy possible laying out 
the unassembled material. The cost assembling structures complete 
the shop may slightly greater than that reaming the field con- 
nections templets, but the increased certainty easy erection and 
freedom from back charges, for correcting shop errors the field, 
should far toward offsetting this. The perfection with which the 
members this structure went together the field undoubtedly 
due large measure the fact that they had already been assembled 
place the shop. Many, but not all, our large structures have 
been thus assembled, and this practice should made general. 


; 
| 
1 


RAILROAD CANTILEVER BRIDGE, BEAVER, PA. 447 


(3).—A completed steel member which has not been properly 
fabricated best difficult thing repair that will satis- 
serve its purpose, and very frequently cannot repaired. 
the same time, these unsatisfactory members represent greater 
less amount the contractor’s money, and their unqualified rejec- 
tion works very considerable (even though deserved) hardship 
him. The problem where draw the line this question, and 
when say that member can satisfactorily repaired and when 
not, the hardest one that the inspector has face, but one 
that continually being presented him. Inspectors, class, are 
not men technical education experience other departments 
the work than their own, and yet are subject the temptation 
decide matters, involving considerations with the importance which 
they are not familiar, without referring these questions the proper 
authorities, because the delay which this would involve, and the 
pressure they are under not hold the progress the work. 

For these reasons, the writer believes that the most important part 
shop inspection not, frequently assumed, the checking 
the dimensions and connections the completed material, but the 
inspection which Mr. Raymer refers taking place before the work 
done. careful study, the inspector, the methods vogue 
the particular shop question, and the talking over the difficult 
points with the shop superintendent and foremen, will usually secure 
work much better quality, and with much less friction, than can 
otherwise done. This will also tend remove the feeling 
antagonism which the shopmen frequently have for the inspector. 

The same reasoning applies the inspection the material 


the mills, and its more general application would lead securing 
better material and more efficient inspection. 
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MEMOIRS DECEASED MEMBERS 


will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


JAMES ARCHBALD, Am. Soe. E.* 
Diep Ocroper 1910. 


the death James Archbald, this Society loses one its oldest 
and most highly esteemed members, and one who will sadly missed 
its annual reunions, which was most constant attendant. 

James Archbald was born Sand Lake, Y., the temporary resi- 
dence his parents, February 13th, 1838. was son James 
and Augusta Archbald, and was mixed Scotch and New England 
ancestry. His father was born the Little Cumbrae Isle, off the 
coast Ayrshire, Scotland, being descended his mother’s side from 
the Reverend Robert Wodrow, prominent Presbyterian divine and 
writer; and his mother was the daughter Major Thomas Frothing- 
ham, the well-known family that name Charlestown, Mass. 

James Archbald, Senior, was connected with the Delaware and 
Hudson Canal Company for nearly thirty years, its mining operations 
Carbondale, Pa., being under his superintendence from very early 
date. was afterward Chief Engineer the Delaware, Lackawanna 
and Western Railroad for some fourteen years, being stationed 
Seranton, Pa. 

Following the footsteps his father, Mr. Archbald took the 
Engineering Profession. prepared for college private schools 
Carbondale, Pa., and Manlius, After some little experience 
the field, entered Union College, taking the Engineering course, 
then under the brilliant direction Professor Gillespie, and was 
graduated with high honors the Class 1860. the meantime, 

1857, his family had moved Scranton, Pa., and there, after his 
graduation, Mr. Archbald became associated Civil Engineer with the 
Delaware, Lackawanna and Western Railroad the capacity 
Assistant his father. his father’s death, 1870, was 
advanced the Chief Engineership, and remained with the company 
that position until 1899, giving nearly forty years service. 

The Archbalds—father and son—were thus identified with the 
development the two great coal companies the Northern Anthra- 
cite Region, The Delaware and Hudson, and The Delaware, Lacka- 
wanna and Western, their joint association with these companies 
extending over period more than seventy years. Among the 
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engineering achievements which the older Archbald participated 
was the change the Delaware and Hudson, the middle Fifties, 
gravity road between Carbondale and Honesdale, previous 
which time the cars were drawn back and forth, from one plane 
the other, dead level, horses; and its extension loco- 
motive road from Carbondale the direction Scranton. The 
younger man was engaged the Delaware, Lackawanna and Western 
Railroad, the completion the Van Ness Gap Tunnel Oxford, 
J.; the building the Bergen Tunnel Hoboken, and the ap- 
proaches across the Hackensack Meadows; and the extension 
the railroad from Great Bend, Pa., its previous terminus, first 
Binghamton, and then Utica and Buffalo, with the arrangement 
the terminals the latter city. The construction the Bergen 
Tunnel, with its approaches, and the Buffalo extension, were under 
Mr. Archbald’s immediate direction Chief Engineer, and may 
regarded monuments his superior skill and energy. 

August, 1862, the darkest period the Civil War, Mr. Archbald 
enlisted, and was made Captain Company the One Hundred 
and Thirty-second Pennsylvania Volunteers, which was recruited from 
Delaware, Lackawanna and Western Railroad men; and with his 
company, month later, took part the battle Antietam, being 
under fire one the most exposed and bloodiest points that 
memorable battle. served until January, 1863, when applied for 
and obtained discharge, being threatened with permanent deafness 
due exposure. 

1883, without severing his relation with the Delaware, Lacka- 
wanna and Western Railroad, but being relieved some his more 
active duties, Mr. Archbald became interested the Barber Asphalt 
Paving Company, and took charge its paving work different 
sections the country—Buffalo, New Orleans, St. Louis, Omaha, and 
Portland. however, severed this connection and resumed 
his work with the Delaware, Lackawanna and Western Railroad, con- 
tinuing with that Company until 1899. 

After his retirement, Mr. Archbald gradually gave his profes- 
sional activities, but was called times important undertakings. 
the winter 1900 had charge survey connect the various 
independent collieries the Lackawanna and Wyoming coal regions, 
with the Erie and Wyoming Railroad, looking the building 
new anthracite coal road tidewater. After the abandonment 
that project laid out line railroad across the Allegheny Moun- 
tains, West Virginia, for the Cherry River Lumber Company, 
connect with the Chesapeake and Ohio Railroad. also, 1902, 
made surveys for the extension the West Virginia Central Rail- 
road tidewater, project made unnecessary the purchase the 
Western Maryland. His last professional work was Chief Engineer 
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the Mississippi Central Railroad, laying out and superintending 
the construction its road across the State Mississippi, from 
Natchez Hattiesburg, with projected extension the Gulf 
Seranton, Miss., with which was occupied from 1905 1907, retir- 
ing finally, the conclusion this work, with powers unimpaired, 
the age seventy. 

Mr. Archbald was Member the Institute Mining Engineers, 
and was one the Founders and the first President the Scranton 
Engineers’ Club. was Director the Third National Bank 
from its organization 1872; Director the Scranton Gas 
and Water Company, Trustee and Vice-President the Albright 
Memorial Library, and Director the Pennsylvania Oral School 
for the instruction deaf children. was also, for number 
years, Director the Scranton Savings Bank. 

January 25th, 1865, was married Miss Maria Albright, 
daughter the late Joseph Albright, General Sales Agent for the 
Delaware and Hudson Company, and his widow and six children, Col. 
James Archbald, Pottsville, Pa.; Joseph Archbald, Buffalo, 
Y.; Mrs. John Kerr, Englewood, J.; Rev. Thomas 
Archbald, Mrs. John Brooks, and Miss Ruth Archbald, 
Seranton, survive him. also survived his youngest brother, 
United States Judge, Hon. Robert Wodrow Archbald. 

August, 1910, Mr. and Mrs. Archbald went Europe for 
three months’ tour. was purely pleasure trip, and was extend 
through Switzerland, Austria, and Italy. Mr. Archbald was apparently 
the best health and spirits; but was found that his heart 
was affected the high altitudes the Tyrol, and went 
Vienna, for medical examination, and was declared have organic 
infirmity, but was advised not exert himself unnecessarily. Journey- 
ing Venice, seemed improve, and spent week that 
city, but just was leaving, October 4th, was stricken 
the station, and died the same evening hospital. Thus passed 
away one who loved and deserved well the Profession, and who was 
loved and respected all who knew him. 

Mr. Archbald was genial, simple presence, 
sterling integrity, and hater shams. was possessed the 
highest engineering ability, especially the field, which was his 
school rather than the office. not necessary dwell his 
characteristics those who had the pleasure his acquaintance; 
but, for those who had not, let recorded, that better friend, 
worthier citizen, more active and few more able engineers, could 
found. 

Mr. Archbald was elected Member the American Society 

Civil Engineers May 15th, 1872. 
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JAMES HENRY COVODE, Am. Soe. E.* 


9TH, 1909. 


James Henry Covode was born Westmoreland County, Pennsyl- 
vania, October 18th, 1858. was son the Honorable John 
Covode, Representative Congress for twenty-six years, covering 
the period the War the Rebellion, during which earned the 
title “Honest John Covode” Member the War Committee. 
subsequently served Member the Committee investigate 
the charges against President Buchanan. Mr. Covode’s mother was 
Margaret Peale, descendant Rembrandt Peale, the famous artist. 

After preparing the Chester Military Academy, was graduated 
with the degree Civil Engineer from the Rensselaer Polytechnic 
Institute 1882. After graduation, went the Pennsylvania 
Railroad charge construction the Sea Isle City Branch until 
the autumn 1883, when was put charge the piers, wharves, 
and freight-house construction Canton, Baltimore, Md., until Feb- 
ruary, 1884. was then tranferred the Maintenance-of-Way 
Department, and subsequently was attached, for one year, the Gen- 
eral Superintendent’s office Assistant Engineer charge surveys 
the field. 1886, was transferred Pittsburg, Pa., charge 
the reconstruction the Pittsburg Yard, connection with the intro- 
duction interlocking switches and signals. 

February, 1888, Mr. Covode left the service the Pennsylvania 
Railroad and became Chief Party the location the projected 
Nicaragua Canal, under General Menocal, which work remained 
for nearly two years. 1889, was invited become Consulting 
Engineer for Don Eduardo Casey, wealthy citizen the Argentine, 
who was engaged large undertakings that Republic. Mr. Covode 
retained this position until the failure Baring Brothers put 
temporary end development plans the Argentine Republic. 

Returning the United States, Mr. Covode became interested 
contracts for building portion the Midvale Branch the Penn- 
sylvania Railroad. 1893, associated himself with the California 
Aleatraz Asphalt interests, and introduced this pavement into 
number Eastern cities. continued interested the Asphalt 
Company until the formation the Trust 1899. 

1899 Mr. Covode became engaged mining operations 
California, Nevada, and Mexico, which continued until his death, 
which was caused over-exertion high altitudes Bolivia, South 
America. had gone Bolivia, the interest New York syn- 
dicate, look over the mining developments the Andes, travel- 
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ing into altitudes 20000 ft., and his return Paz, died 
suddenly from the effect the undue strain his heart. 

February, 1897, married Miss Louise Bournonville Moulder, 
San Francisco, Cal., who alone survives 

Mr. Covode was worthy son worthy father, and deserved the 
honorable title “Honest” the same sense that his father had 
war times. also had very lovable character. His 
self-sacrificing loyalty friends and those who trusted themselves 
their interests him, was the most marked his many sterling 
qualities, leading him too frequently subordinate his interests and 
welfare those others. 

was able Engineer, and his varied experience would have 
fitted him for many years usefulness the Profession, but for his 
untimely death. 

Mr. Covode was elected Member the American Society Civil 
Engineers April 2d, 1890. was also member the San 
Association Members the American Society Civil 
Engineers, the Engineers and Delta Phi Clubs New York City, 
and the English Club Monte Video, Argentine Republic. 


HENRY HARDING, Am. E.* 


1910. 


Henry Harding was born December 10th, 1837, Hartland, Vt., 
where his father, Dr. John Harding, was physician for many years. 

studied engineering under Mr. Job Atkins, mining engineer 
Richmond, Va., during 1859-60, and was afterward engaged 
the construction the Hudson River Railroad. 

From 1865 1870, Mr. Harding was employed, under General 
Grenville Dodge, the survey and construction the Union 
Pacific Railway. was also employed the Adirondack, Housa- 
tonic, and Naugatuck Railroads, charge construction and 
various other capacities. 

From 1871 1895, was engaged intervals the United 
States Corps Engineers charge river and harbor improve- 
ments and other work, and was wont recall with especial pride 
the construction the fortifications Fort Adams, Newport, 
1871-73. 

While the employ the Government, Mr. Harding contracted 
malaria, and, 1895, retired his home Hartland Four Corners, 
Vt., where continued live death. 

Mr. Harding was man wide acquaintance and high reputa- 
tion his Profession, which was devoted, and, although living 


*Memoir prepared by the Secretary from information on file at the House of the Society. 


q 
q 


EVELYN PIERREPONT ROBERTS 453 


secluded country village, kept well abreast all the improved 
methods and was familiar with all new instruments used engineering 
work. the time his death, was engaged Engineer 
charge the construction the new sewerage system Windsor, Vt. 

Mr. Harding was the embodiment painstaking accuracy and 
scrupulous honor, and any work done under his superintendence 
was honestly constructed and fully served its purpose. was 
genial and courteous manner, modest, kind-hearted, and drily humor- 
ous, agreeable and interesting social companion. never 
married, and survived several nephews and nieces. 

Mr. Harding was elected Member the American Society 
Civil Engineers May 7th, 1873. 


EVELYN PLERREPONT ROBERTS, Am. E.* 


Diep 30TH, 1910. 


Evelyn Pierrepont Roberts was born Fort Leavenworth 
Christmas Day, 1848, when what now the State Kansas was the 
Indian Territory and Fort Leavenworth one the extreme outposts 
the civilized frontier the United States. His father was General 

Stone Roberts, A., and his mother, Elizabeth Pierre- 
pont Sperry. both sides was descended from distinguished 
aneestry. The first Roberts came from England about 1620, and his 
descendants took part the Revolution and various Indian Wars. 
his mother’s side the line runs back Evelyn Pierrepont, Duke 
Kingston, whose son, James Pierrepont, was the first clergyman settle 
New Haven, Conn., and became one the founders Yale College. 

1870 Mr. Roberts was graduated from the Sheffield 
School Yale, and went West. found employment the staffs 
the Northern Railroad west the Rocky Mountains, the 
Canadian Pacific Railway British Columbia, and the Spring Valley 
Water-Works, San Franciseo, Cal. 

Returning East was employed the Croton Aqueduct, and sub- 
sequently acquiring some valuable granite properties, took masonry 
contracting well maintaining practice Consulting Engineer. 
constructed the foundation for the elevated portion the New York 
Subway and the great granite arches the Cathedral St. John the 
Divine, New York City, which latter always considered his 
greatest achievement. 

Notwithstanding his many business interests, Mr. Roberts found 
time for altruistic work, especially the obtaining employment for 
those unfortunates who had served prison sentences and who appeared 
anxious begin life anew and earn honest livelihood. 


Memoir prepared William Barclay Parsons, Am, Soc. 
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this work spoke only his intimates, and, consequently, the great 
good and charity did was known few, many cases only the 
recipients. 

Mr. Roberts was married July 5th, 1903, Helen Frances Caleb, 
who, with one son, survives him. 

was member the Century, Yale, and Church Clubs, the 
National Geographic Society, the Military Order the Loyal Legion, 
Sons the Revolution, Fraternity Delta Psi, and many other similar 
organizations. was also Director the Danville and Mt. Morris 
Railroad; President and General Manager the Mohegan Granite 
Company; and Director the Jerry McAuley Cremorne Mission. 

Mr. Roberts was elected Member the American Society 
Civil Engineers May 7th, 1884. 


JOHN WRIGHT SEAVER, Am. Soe. E.* 


Diep January 1911. 


John Wright Seaver, was born Madison, Wis., January 8th, 
1855. was descended from pure New England Revolutionary 
stock, the first Seaver coming America shortly after the Mayflower 
Pilgrims. While very young, his parents moved Buffalo, Y., 
where his father died, and where received school education. 
the age thirteen, left school learn the machinist’s trade. 
entered the machine shop the Shepard Iron Works, where 
spent two years, and was then transferred the drafting-room. His 
technical education was obtained this time under the greatest dif- 
attending night school, which was three miles from his 
home, and which walked after working hard all day. read 
such trade journals and engineering books could secure, and 
one his treasured possessions was copy Haswell’s “Engineers’ 
and Mechanics’ Pocket-Book,” given him his mother when 
was fourteen. 

the age eighteen, after being with the Shepard Iron Works 
for four years, Mr. Seaver entered the machine shop the Howard 
Iron Works, and twenty was employed the Buffalo Car Com- 
pany Assistant Superintendent charge about 1000 men. 
left this Company become member the firm Seaver and 
Kellogg, and this time designed and built the first steel cars 
the United States. These cars were not commercially successful, 
they were too far ahead their time. 

After spending one and one-half years this business, became 
Assistant Engineer the Kellogg Bridge Works. made structural 
iron specialty, and began attract outside attention Engineer. 
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1880 Mr. Seaver moved Pittsburg, Pa., and became Chief 
Engineer the Iron City Bridge Works, for which firm designed 
and built number notable bridges and other steel structures. 
1884 became the Chief Engineer for the Riter-Conley Manufactur- 
ing Company, and this capacity his reputation became 
designed and built blast furnaces, steel works, oil refineries, 
gasometers, buildings, bridges, and other steel constructions. was 
instrumental building this concern one the greatest 
its kind the world. 

1896 Mr. Seaver, with and Wellman, formed the 
Wellman-Seaver Engineering Company, which finally became the Well- 
man-Seaver-Morgan Company. While with this Company was Vice- 
President and Chairman the Board, and Director until his death. 

After being with this Company for ten years, Mr. Seaver became 
associated with Moore, Am. Soc. E., Consulting 
and Contracting Engineers, with offices Cleveland, Ohio. con- 
tinued this work until his death. 

Mr. Seaver’s engineering experience was most varied, 
the civil, mechanical, marine and mining branches the profession. 
While Buffalo designed and built many large marine engines, 
the principal which was that for the steamer Great Western, which 
was remarkable vessel that time. designed and built the 
first steel head frame, and the first gantry crane used America, and 
also, previously stated, the first steel cars. was authority 
structural steel construction all kinds, well material 
handling, steel and iron manufacturing, and coke-oven machinery, and 
compiled the first standard steel railroad bridge specification, which was 
adopted some the large railroad companies. 

The principal traits Mr. Seaver’s character were his 
fulness and perseverance, and can said him that never 
gave up. instance his resourcefulness was displayed Buffalo 
when was discovered that, after the hull large vessel was ready 
for launching, the water was too low the slip float it; order 
this, tied several tugs across the mouth the slip, and 
working their propellers, the water was raised sufficiently float 
the vessel, and she was launched successfully. genial, sunny dispo- 
sition made for him many close, warm friends, both this country 
and abroad, and was beloved all who knew him. His liberality 
was his worst fault. 

Seaver died suddenly apoplexy his residence Cleveland, 
Ohio, January 14th, 1911, and survived his wife and four 
children, aged mother, and two sisters. 

Mr. Seaver was elected Member the American Society Civil 
Engineers November 6th, 1901. was also Member the 
American Society Mechanical Engineers, the Cleveland Engineering 
Society, and many other business and social organizations. 
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EDWIN MERRITT HOLMES, Assoc. Am. E.* 
Diep 1911. 


Edwin Merritt Holmes was born Colorado Springs, Colo., 
June 20th, 1878. received his education the 104th Street Public 
School, New York City; the Mattoon High School, Mattoon, 
the College the City New York, and Cornell University. 

From 1898 1901, Mr. Holmes was employed, the United States, 
timber boundary surveys and the construction tram and 
narrow-gauge logging roads. also had charge the landscape 
gardening for summer hotel, including artificial lake, pavilions, 
well the reconstruction dam for gravity water supply. 

From June, 1901, May, 1902, was with the Engineer Depart- 
ment the Military Government Cuba, Santiago, Rodman, 
Leveler, and Transitman city improvements. was also em- 
ployed Street Inspector charge repairs all city property 
and the harbor dredge. During May and June, 1902, was con- 
nected with the Department Public Works the Cuban Govern- 
ment, Assistant Engineer and Inspector charge the construc- 
tion macadam roads and concrete bridge. 

Although Civil Engineer profession, Mr. Holmes turned his 
attention mining, and June, 1902, entered the employ the 
Spanish-American Iron Company, Daiquiri, Cuba, Assistant 
Engineer charge designing and constructing appliances for 
handling the product the mines, opening new deposits iron ore 
for the extraction sample cargoes, August, 1906, was 
made General Superintendent the Company, direct 
charge all engineering work, together with other duties connected 
with the operation the mines. 

February 1909, Mr. Holmes was appointed General Super- 
intendent the Juragua Iron Company, and took charge the 
operation its mines Firmeza, Cuba, which position filled 
with conspicuous ability until his death. 

Mr. Holmes was not married. survived his father, Rev. 
Benjamin Holmes, Clairmont, Va., two brothers, Mr. Robert 
Holmes, San Juan, Porto Rico, and Mr. Holmes, Firmeza, 
Cuba, and one sister, Mrs. Paul English, Muskogee, Okla. 

Mr. Holmes was elected Junior the American Society Civil 
Engineers March 31st, 1903, and Associate Member January 
2d, 1907. was also Member the American Institute Mining 
Engineers and the American Society Engineering Contractors. 


*Memoir prepared DeB. Whitaker, Vice- President and General Manager, 
Juragua Iron Company. Santiago Cuba, Cuba. 
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This Society not responsible for any statement made opinion expressed 
its publications. 


TWO EARTH DAMS THE UNITED STATES 
RECLAMATION SERVICE. 


The object this paper describe some detail two earth 
dams built the United States Reclamation Service, and compare 
the different methods used their construction. The two dams are 


the Cold Springs Dam, Oregon, and the Conconully Dam, 
Washington. 
Dam. 

The Cold Springs Dam part the works the Umatilla 
Project, which comprises tract land lying south the Columbia 
River and east the Umatilla River, encompassing the Town 
Hermiston, 192 miles due east the City Portland. 


The principal dimensions the dam are: 


Greatest height above bottom creek 


Height above valley bottom................ 87.5 
Width valley center line dam...... 400.0 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting. 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published Transactions. 
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Up-stream slope........... 3:1 

Capacity inlet canal, reservoir........ 300 sec-ft. 
Capacity outlet 225 sec-ft. 
Capacity reservoir above outlet 000 acre-ft. 
Area reservoir high-water level........ 1590 acres. 
Drainage area above 210 sq. miles. 


Source Irrigation Columbia River, bordering 
the irrigable lands the north, has its water surface from 140 
240 ft. below the general ground surface. Its grade very flat, and 
gravity diversion from this source, therefore, entirely out the 
question. The Umatilla River has fairly steep grade, averaging 
ft. per mile its lower 25-mile course, and presents the only 
possibility for gravity diversion. 

From November ist July ist the flow usually varies from 
5000 sec-ft., March and April being the flood months. During 
the summer the flow less than sec-ft., and fully appropriated 
prior irrigators. 

was computed that with the water which might directly 
diverted for irrigation during the flood season, storage supply 
000 acre-ft. would sufficient for the irrigation the acres 
irrigable land embraced the project, considering also prior 
water right which had been purchased. 

Reservoir the main river, above the point desired 
diversion, reservoir site could not found, but suitable one was 
located the small adjoining basin Cold Springs Creek, above and 
close the lands irrigated, shown Fig. This basin has 
area 210 sq. miles, and presents gently rolling topography. 

The precipitation the water-shed the creek ranges from in. 
for the lower, in. for the higher, lands, much which dry- 
farmed for grain. The land has generally deep and retentive soil, 
the rock out only few points, and the slopes are flat, 
especially near the divides, that survey was required establish the 
limits and area the water-shed with some degree certainty. 

The creek usually dry throughout the year, and all evidence 


indicated very limited flow any time. There was some underflow, 
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however, and small springs break out lower down, from which the 
creek probably derived its name. Usual absence surface run-off 
explained the small rainfall, the gently sloping character the 
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Town Echo, and discharges into the reservoir near the south end 
the dam. 

The dam the upper end above which the valley 
spreads out, the continuing down stream for about mile, after 
which the valley opens up, there being special watercourse until 
the head second reached, through which the water finds 
its way into the Columbia River. the dam site the valley 400 ft. 
wide and has elevation 542 ft. above sea level, the bottom the 
creek channel being 531 ft. order produce the required storage 
above outlet elevation 560, was found that high water would 
come Elevation 621.5 ft., when the reservoir would hold 49000 
acre-ft. and have surface area 1590 acres. 

the south and east the land generally rising, but the north 
ridge forms the side the reservoir, broad its eastern end and 
narrowing toward the dam site, the base the valley floor elevation 
being about mile wide its narrowest point and 450 ft. high- 
water elevation. The rock this ridge crops out few points 
the reservoir side, and evidently rises toward the east, but the 
narrow part the ridge unknown depth. The position the 
rock the center line the dam shown the longitudinal section, 
Fig. Plate XTX. 

The rock igneous origin, non-columnar character, hard, 
sound, and good weight. blasting, breaks into sharp 
angular fragments assorted sizes, the largest seldom containing 
more than cu. ft. exposed faces the rock appears tight, the only 
open seams evidence occurring the south cafion side near the 
lower toe the dam. 

The overlying material, from the surface down, generally consists 
fine, loamy soil, sandy character, depth from ft., 
fine sand, irregular layers silt from few inches several feet 
thickness, coarser sand, and, the bottom the water-bearing 
gravel. Many the strata were found various degrees indura- 
tion. Their general position horizontal, but they not continue 
unbroken for any great distance. The only clay found was small 
body the north hillside, hard and blue, and resembling slate. 
has been made serve foundation for the overflow spillway. 

profile the dam shows that while feasible 
make tight juncture with the rock crossing the and the 
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sides, this not the case some distance away, where the rock 
drops beyond economical reach. 

From the foregoing may noted that the site not very 
desirable one, from the standpoint assured water-tightness. Assum- 
ing perfectly water-tight dam built, connecting with bed-rock 
across the cafion and reaching depths from ft. the 
side-hill, apparent that leakage from the reservoir remains possible 
through the seams the rock, through the layers sand each 
side the below the cut-off shown the profile, 
Fig. Plate XIX, and through the ridge the north the reservoir 
the vicinity the dam, shown the profile, Fig. Plate 
XXIX. These possibilities leakage were carefully studied. 

regards the rock, voleanic formations the Northwest are 
generally very changeable within short distances, and the absence 
seams and the soundness the rock within the range local borings 
give assurance its character within short distance beyond. 
This condition prevails throughout large areas Oregon, Washington, 
and Idaho, and forms one the elements risk connection with 
all reservoir construction that region. 

regards the overlying material, movement water through some 
fine sand layers was expected, both under the dam and through the 
north ridge. either case was argued that the path 
followed the water would circuitous and long, compared with 
the head. Thus velocities would held down ordinary percolating 
limits, such would utterly incapable carrying the granular 
material which the soil mostly composed. 

regards the economical value possible leakage water, the 
reservoir will filled slowly during the winter, but the bulk the 
river water not available for reservoir supply until near the begin- 
ning the irrigation season, when leakage under and around the ends 
the dam, which would gather the below, can diverted 
and used for irrigation. 

Available Material for Dam were available 
for dam construction, within reasonable distance, the following classes 
material: 


Basaltic rock, hard and sound, readily blasted, and quite suitable 
for rip-rap; 
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Gravel deep hillside deposits the north side the 
mile below the dam, shown Plate XXX; 

Fine sandy loam, most readily available any direction, for use 
the embankment; 

Pure ash, occasional strata and small quantities; 

Indurated clay deposits, principally the north end the dam, 
and limited area; 

Sand and gravel, deeper strata underlying the surface soil, and 
some extent indurated. 


The first three were the only ones which could obtained large 
quantities without removing large masses overlying materials. 
order judge their suitableness for dam construction, series 
percolation experiments was made. These experiments have been 
fully described article* Hopson, Am. Soe. E., and 
the writer. 

Five classes material were tested 18-in. tank similar 
that used experiments the Massachusetts State Board Health. 
addition, tests were made with various mixtures fine subsoil 
and gravel. Physical characteristics, gravity, and coefficients 
fineness and uniformity, were also determined. The results, from 
the article mentioned above, are quoted Table which has been 
corrected. These results are also shown Fig. 


Surface 2.52 1.41 3.9 0.023 180 000 
(B) Fine subsoil...| 2.79 1.55 54 48 45 4.0 0.025 | 850 000 
(C) Pit gravel...... 2.90 1.91 42 37 | 34 9.2 0.559 | 155 000 000 
Mixtures: 
75% 25% 2.64 1.75 | 650 39 38 3.0 0.066 | 60 000 
33% 67% | 2.87 1.% | 41 85 | 32 | 20.0 0.076 | 30 000 
25% 75% , 2.88 2.01 47 43 29 | 21.0 0.086 80 C00 
15% 85% | 2.84 | 1.88 41 385 | 34 | 18.0 0.102 1 000 000 


Engineering News, March 7th, 1907, 250. 
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explanation, should stated that the specific gravity the 
mass refers the material its most compact form dry condition. 
For the determination the percentage voids the dry loose 


material, was poured into the tank from scoop when perfectly dry, 
and for the dry compact material, was rammed into thin layers with 
stick having 2-in. base. The wet rammed material was 
similarly deposited after such degree moistening was believed 
result the tightest mass. The uniformity coefficient and effective 
size were determined the Massachusetts State Board Health 
standard. 

The pit gravel made principally coarse sand, containing 
about 10% pebbles and cobbles. has far smaller percentage 
voids than the finer material, due more favorable graduation 
sizes. also shows the highest specific gravity, both its ingredi- 
ents and the mass, thus fitting well for use dam, 
furnish stability and perfect drainage. 

The rate percolation for head ft. through ft. 
material the third day after the commencement the test, and 
corrected for temperature the basis the Hazen formula. 

will noted from the results the experiments that the 
addition subsoil the gravel has very marked effect reducing 
the rate percolation. Practical water-tightness was obtained 
wide range proportions, there being little difference the rate 
percolation between mixture containing 25% and one containing 
66% soil. Thus the exact proportion the mixture within these 
ranges was not essential, which important consideration the 
practical work dam construction. The greatest tightness was found 
with proportion 50% gravel and 50% soil, with which the rate 
percolation, compared with that soil alone, was found less 
than 6%, and compared with gravel alone less than 0.03 per 
cent. After careful study the results these experiments, 
section dam was adopted, shown Fig. Plate 
Stability was secured the use gravel throughout the entire 
section the dam; water-tightness admixture fine subsoil 
the up-stream portion the section; and perfect drainage the 
use unmixed gravel the down-stream portion. 

The cut-off trench across the bottom the ft. deep 
and ft. wide its connection with bed-rock. reduces depth 
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and width the hillsides until ft. deep and has bottom width 
ft. the ends the dam. retard the flow along the plane 
contact with bed-rock, thin cut-off wall, ft. high, was con- 
structed the center line the trench, across the cafion, reducing 
height the side-hill. Five additional walls were built the north 
hillside where the rock was exposed. 

Provision was made for drainage gravel-filled trench along 
the entire down-stream toe the dam with tile drain, and network 
additional trenches under the high portion the dam, consisting 
parallel trench 120 ft. stream from the water toe, with cross- 
trenches every 100 ft. 

Slope Protection.—The water face the dam covered with in. 
pit gravel and in. rock rip-rap. The down-stream face 
covered with in. rock rip-rap principally prevent the gravel 
from being displaced and protection against wind action. 

Inlet Structure—The feed canal enters the reservoir near the 
south end the dam. rock could found over which drop 
the water, and protective structure therefore became necessary. 
This consists two continuous reinforced side-walls, with bottoms 
stepped and tops sloping, with cross-walls forming water-pockets, 
floored with and covered with wooden wearing floors, the water 
spilling over each cross-wall and dropping into the water-cushion 
formed the next cross-wall. There are nine water-steps, with 
vertical drop ft. each, the lowest cross-wall having its top low- 
water elevation. the top the structure the side-walls spread 
apart accommodate steel-plate weir with 24-ft. crest. 

This drop structure was built deep excavation, being left 
the incoming water overflow through training furrow and cut its 
own channel low water the reservoir. This was partly accom- 
plished the course three weeks flow varying from 100 
Several steps still remain buried, owing the grade assumed 
the bottom the cut. The sides this cut stood first vertical, 
but have gradually slumped, and are tending uniform slope. 

About mile stream from this structure, following the canal 
line, and where the canal alignment crosses the extended center line 
the dam near its south end, concrete gate structure has been built, 
with four arched openings, ft. in. wide the clear, with hinged 


floating gates prevent the reservoir water, when raised above the 
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spillway height cloudbursts, from running back into the canal and 
overtopping its banks. 

Flash-boards are also provided for backing the canal water over 
concrete crest the canal bank some distance stream into 
lined channel, affording direct connection between the inlet and outlet 
canals, and the means by-passing the reservoir. 

Outlet Conduit and outlet conduit and gate- 
tower are located bed-rock on- the south side the with 
outflow elevation 560 ft., approximately ft. above the 
bottom. There are two 4-ft. Coffin sluice-gates, placed series, 
one the outside the gate-tower and the other the inside, the 
former being emergency gate. 

The conduit founded rock, and there are cut-off collars 
intervals ft., the conduit discharging into canal cut the rock 
for about 200 ft., below which continues earth. overflow spill- 
way provided the canal bank, cut the rock section, the spill 
crest having concrete guide-walls the bottom the The 
outlet canal capacity 225 sec-ft. The gate-tower the upper end 
the conduit stands near the water toe the dam. built 
concrete, slightly tapering, and connected with the top the dam 
steel footbridge. 

the hard clay bed the north hill shoulder, 
spillway was built, with crest length 330 ft. and crest elevation 
ft. below the top the dam. each end there are abutment 
walls, with cut-off walls reaching into the body the dam. The water, 


after spilling over the crest, slides down inclined concrete-paved 


slope and enters concrete-lined channel with general direction 
parallel the overflow crest and right angles the dam. This 
channel excavated thorough cut past the line the dam, through 
hard clay and fine sand formation, and terminates hard rock 
elevation ft. above the cafion bed, the end being provided with 
heavy cut-off wall extending well into the rocky sides. 

The entire spillway channel has concrete lining built dis- 
connected sections 10-ft. squares, with joints underlaid concrete 
cut-off walls. Where passes through sand formation, reinforced 
with bars laid 12-in. squares, and has weep-holes the dam 
side. The capacity the spillway, with ft. water over the crest, 
assumed 5900 ft., which point the dam will have freeboard 
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possible settlement. 

There had been observed run-off from the drainage area the 
reservoir prior the commencement the construction the dam. 
During January, 1907, when the construction trestle was being erected, 
heavy rain occurred, falling in. snow, with the ground beneath 
frozen previous cold weather. Three floods followed rapid succes- 
sion, discharging the aggregate acre-ft., and peaking for hours 
sec-ft. Approximately 000 cu. yd. material were eroded 
within the lines the dam base. Floods this type can only occur 
the winter, which time the reservoir can but partly filled. 
summer, cloudbursts may expected, but their aggregate run-off 
usually small—the disastrous Heppner cloudburst 1903, for instance, 
resulting aggregate flow estimated only 600 acre-ft. 

With spillway capacity sec-ft. ft. depth the crest, 
the reservoir has capacity, above the crest, 7000 acre-ft. The 
floods 1907, above mentioned, were entirely unlooked for, but fortu- 
nately did damage other than eroding part the dam foundation. 
The creek channel would not ordinarily excess few 
hundred second-feet, and the heavy growth sage-brush its banks 
indicated absence any recent large flow. This one the many 
the danger involved estimating maximum floods 
from drift lines other surface appearances. 

Method Construction.—The design called for the handling 
approximately 490000 cu. yd. gravel from the gravel pit the 
north side, about mile below the dam; for the excavation 
cu. yd. loam subsoil, obtained mostly from the 
slopes within the reservoir; and for about 36000 cu. yd. rock pitch- 
ing, placed both slopes. 

The gravel was excavated with 70-ton, Model No. 60, Marion 
steam shovel, with yd. bucket. The rolling stock consisted 
fifty 4-yd. side-dump and five 16-ton American locomotives run- 
ning 3-ft. gauge track 35-lb. rails. The track system shown 
Plate XXX, the average distance gravel haul being miles, 
and the maximum grade being per cent. The gravel the pit rose 
from ft. above the shovel, and was places overlaid with 
considerable soil, rendering necessary watch the 


soil and gravel they came the cars the dump. 
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The shovel was served four gravel trains, from nine 
twelve cars each, which handled average, including moving and 
delays, about 1600 cu. yd. per shift hours, the output per shift 
exceeding 2200 cu. yd. The total rise from the steam 
shovel the top the dumping trestle was ft., and the coal con- 
sumption per locomotive, for 1149 shifts hours, averaged 400 
coal being obtained from the Kemmerer mines Wyoming. 

The gravel was delivered the dam dumping from trestle, 
ft. high, built across the cafion, with its center line about ft. 
down stream from and nearly parallel the center line the dam. 
The entire trestle came within the 100% the gravel section, and the 
posts were left buried the gravel, but all bracing was removed 
the work progressed. 


The fine subsoil loam was obtained from various sources, 
follows: 


From surface layers overlying the gravel 

stream from the dam...............108600 
From the feed canal and trenches........ 
From the spillway channel.............. 


267 000 cu. yd. 


The loam from the gravel pit was handled the same manner 
the gravel. The loam from the borrow-pits was handled wheel- 
distances 500 ft. (22300 yd.), and dump- 
wagons loaded orange-peel excavator for greater distances 
2000 ft. (86300 cu. yd.). The loam from other sources was moved 
scrapers, only that portion excavated from trenches, being used 
which was found suitable, the remainder being wasted. 

The loam was delivered first, its proper proportions, and spread 
road scraper, after which gravel was spread over it, being scraped 
Fresno from the foot the gravel dump near the trestle. 
The materials were mixed first with disk-harrows and subsequently 
with cultivators, the points which scraped over and into the top 
the previously mixed and rolled layer, after which the material was 
watered and rolled, producing final layer from in. com- 
pacted into hard mass which required picking excavate. Constant 
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watch was kept the thoroughness the mixing process, excavat- 
ing test-pits. was found impossible secure complete mixing all 
times. Unmixed gravel was nowhere found, but some places fine 
streaks loam had been left unmixed with gravel, spite every 
effort avoid it. 

The gravel the 100% gravel section was not rolled large 
extent and was not watered. When the gravel dump had reached the 
height the trestle, the track was raised grading up, until the 
full height the dam was attained. 

The rock for slope pitching was obtained from the rocky basalt 
bluff the north side the short distance below the dam. 
broke fragments from cu. ft. volume down. part 
was loaded orange-peel excavator, but most was handled from 
wheel-barrows into dump-cars. was hauled rail, dumped the 
slopes from the dump-cars, and sloped hand. The total required 
was 36000 cu. yd. 

The construction the auxiliary structures contained elements 
special interest. 

The work the installation the plant was commenced 
December, 1906. The first gravel was dumped May, 1907, and the 
dam was completed January Ist, 1908. 

Shrinkage.—The design the dam roughly for one-third 
the mass 100% gravel, one-third 50% gravel, and the remaining third 
67%, 75%, and 80% gravel. Laboratory tests indicated shrinkage 
about 10% for the various mixtures, and from this was figured that 
there would required cu. yd. gravel and cu. yd. 
compacted dam. 

The actual quantity gravel excavated corresponds closely the 
estimate, but the quantity soil handled was cu. yd. excess 
that figured. This large excess must principally attributed 
the difficulty keeping the soil and gravel apart the gravel pit, and 
may partly due the occurrence ash dust the 
delivered soil, which may not have assisted swelling the quantities. 
The proportion loam the gravel, where came unavoidably mixed 
with gravel from the gravel pit, may have been under-estimated, and 
quite probable that much the gravel, which from all appearances 
contained soil, may have held proportions from per 
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cent. While the excess soil has added the cost, can hardly 
deemed injurious, regards the drainage qualities the gravel its 
stability, and has also added its mass weight. 


Cost.—The total cost the dam, arranged its principal features, 
shown the following tabulation: 


Auxiliary structures: 
860 


Total, 000 acre ft., $8.98 per acre ft. 000 


General administration, engineering and supervision, other than 
preliminary engineering, are included the above figures. 
The principal details the cost the main dam are follows: 
Embankment (yardage basis excavation measurement): 
Material from gravel pit: Gravel.. 490 000 cu. yd. 
Earth... 100000 
000 yd. $0.385 $227 020 
Material from borrow-pits, spillway, and trenches: 


excavator, 36.1 cents...... 
167 000 cu. average, 750 
Rip-rap: 
From quarry 500 cu. yd., 480 


Excavation: 
Earth from trenches, spillway, 


temporarily 


Drainage, including all work July Ist, 960 


$364 140 
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Embankment: Material from gravel pit, 590 000 cu. yd. 


Steam-shovel excavation: Rail haul, average distance 


miles, average rise ft. 


Cost per cubic yard, measured excavation: 


Steam shovel 


Transportation Railroad operation. 


Track maintenance. 


ing, and mixing. 
Sprinkling........ 

Water supply..... 


Plant 
Plant maintenance 
General 


Camp, shops, warehouses......... 
Cleaning up, transfer plant...... 
Engineering, 


general 


5.5 cents. 


0.5 
0.4 


3.6 cents. 
0.6 


38.5 cents. 


Embankment: Material from borrow-pits, 300 cu. yd., 


orange-peel excavator, wagon haul, 500 


000 ft. 


Cost per cubic yard, measured excavation 


Excavation .... 


Wagon haul... 


Water supply.......... 
Plant 


Plant maintenance.... 


General supplies............ 


Camp, shops and warehouses... 
Cleaning up, transfer plant...... 


Engineering, 


general expenses......... 


8.5 cents. 
0.4 


13.1 cents. 


6.9 
0.5. 
36.1 cents. 
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Fic. 1.—Cut-Orr TRENCH ACROSS VALLEY BOTTOM, COLD SPRINGS DAM. 


Fig. 2.—TRENCH FOR OUTLET CONDUIT, SHOWING CHARACTER OF ROCK, 
SPRINGS DAM. 
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The cost gravel and earth for the main embankment, based 
bank measurement, higher than the foregoing figures indicate, 
reason heavy shrinkage, and shown follows: 


Excavation measurement. 


Material from gravel pit.......590 000 cu. yd., 38.5 020 
757 000 cu. yd. 36.2 770 


Embankment measurement....637 000 cu. yd. 43.0 cents. 


The prices paid for labor and fuel were follows: 


Coal, per ton, 8.63 


Behavior Reservoir Since Completion.—Water was first admitted 
into the reservoir February 19th, 1908, and reached its maximum 
height for that year June 5th, Elevation 584.4, and its minimum 
height October 20th, Elevation 561.8. Water was again admitted 
November 5th, 1908. 1909 rose, June 4th, 604.1, and 
616.2, and, May 11th, 616.7, standing that time within 4.8 ft. 
the spillway crest, with the reservoir containing 000 acre-ft. 

From the time water was first admitted, measurements have been 
made the inflow through the feed canal and from Cold Springs 
Creek times flood, the outflow through the outlet canal, and 
the evaporation and rainfall, which have yielded some interesting 

Close watch for first evidences seepage below the dam was also 
kept. The drain tile the lower toe the dam, serving the portion 
the north the outlet conduit and including the highest part 
the dam, discharges into small concrete basin the old 
creek bottom, which provided with weir (Weir No. the plan 
the dam, Plate XXX). The first water came from this drain 
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April 2d, 1908, with the reservoir water 571.5, 27.5 ft. above 
the valley bottom. The maximum flow during 1908 was 0.17 sec-ft. 
During 1909 was 0.26 sec-ft., and during 1910, 0.26 sec-ft. 

the flat below the toe the dam, for distance about ft., 
ground-water was observed gradually rising, and water began 
ooze from the soil banks either side the meandering creek channel. 
This condition gradually extended downward for distance mile. 
Weirs were maintained two points the creek channel, Weir No. 
about 500 ft., and Weir No. about 3000 ft. down stream from the 
dam; and the flow, measured, shown Plate 

should understood that the outlet canal skirts the south 
canon side, and after leaving the rock adjoining the dam, runs through 
fine, sandy material, seepage below the hillside being evident many 
places. This contributed the flow, measured the creek weirs, 
extent which has not been possible determine definitely. 
The time during which the outlet canal was operated shown the 
bottom the diagram, Plate from which will noted 
that this flow stopped the fall the year after the reservoir 
has been practically emptied; that the effect cessation flow 
the canal and that the lowering the water surface the 
reservoir are combined the reduced flows measured the weirs. 
From the diagram will seen that the flow Weir No. reached 
maxima for the three successive years 1.0, 1.26, and 1.46 sec-ft., 
while that the lower creek weir shows maxima 1.28, 3.27, and 
3.03 respectively, these flows peaking about weeks after the 
highest water the reservoir. 

The portion the dam the south the outlet conduit served 
drain which discharges into the conduit. This did not show any 
flow during the years 1908-09, but during 1910 the flow was 0.08 sec-ft. 
during May, and, with the lowering the water, this has again 
dried up. The lower end this drain Elevation 575, 
ft. and ft., respectively, below high water 1909 and 1910. 
When moisture showed the low places the flat immediately below 
the dam 1908, was deemed advisable lay additional drainage 
pipes, and, during the following winter, and also during the winter 
1909-10, more complete main 12-in. drain 
and cross-lines 3-in. drains, was constructed, and has been entirely 
effective maintaining the surface perfectly dry condi- 
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Fic. 1.—SPILLWAY, COLD SPRINGS DAM. 


CONSTRUCTION 


TRESTLE BURIED IN GRAVEL DuMP, CoLD SPRINGS DAM. 
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tion. Some drains have also been laid the foot the hillside below 
the outlet canal, intercept seepage from this apparent source. 

The course seepage water from the reservoir uncertain. 
not improbable that small quantity water passes through the 
body the dam. The flow from the drain serving the highest portion 
the dam carried about 0.25 sec-ft. with the reservoir water 
616.8, 76.8 ft. above the valley bottom. The appearance oozing 
water along the sides the creek channel, for considerable distance 
below the dam, indicates that seepage water may travel through seams 
the underlying rock, entirely around the outer slopes the 
rock. significant that lower portions the flat, separated from 
the dam the meandering creek channel, show water well above the 
creek bottom, indicating roundabout course this seepage water. 

The exposed rock surface the bluff the north side the 
immediately below the dam showed seepage, until 1910, when 
small spring made its appearance near the foot the bluff, close 
the toe the dam, attaining maximum flow during the season 
0.044 The interior the outlet conduit was carefully examined, 
and while some moisture was evidence, dripping leaks were found 
where the conduit passes through the water-tight section the dam. 
One small squirting leak, the size fine straw, was found near the 
lower end the conduit where passes through the 100% gravel 
section the dam immediately above the highest cut-off wall, the 
pressure probably being due the head accumulated this wall, 
which makes tight connection with the tunnel rock trench which 
the conduit was built. 

regards seepage under the dam the south hillside, has 
been stated that the maximum flow measured from the drain was 
0.08 sec-ft. during 1910; the only further evidence seepage along 
this part the dam was moist spot near the toe the dam 
about Station 17, where the elevation the ground about 600, 
ft. below the highest water 1910. investigation will made 
whether this seepage may have been due break obstruction 
the drain pipe. Such break was found near Station the 
highest part the dam April, 1909, due undoubtedly insufficient 
bedding drain pipe. Just previous this break, the drainage 
water from this line tile, which had always been running crystal 
clear, showed small amount very fine sand, -while the delivery 
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dropped from 0.25 0.19 sec-ft. Repairs were made during the follow- 
ing fall, time low water the reservoir. The down-stream 
slope the dam has all times been perfectly dry, nor con- 
ceivable that water would show elevation higher than the ground 
adjoining. 

The diagram Plate especially interesting that 
shows the reservoir seepage losses determined striking balance 
between measured inflow and precipitation the one hand, and 
measured outflow and evaporation the other. The rate loss 
first filling was about sec-ft., which quickly dropped sec-ft., 
and then continued drop slowly during the first season until 
slight return flow was measured. The maximum rate loss during 
1909 was sec-ft., when the submerged area measured 1003 acres, 
and 1910 this rate rose sec-ft., which time the water- 
covered area the reservoir was 1310 acres. 

The amount seepage during filling dependent not only 
the area submerged and the voids the underlying soils, but also 
the rate filling. The higher this rate, the greater will the new 
area submerged given time, and the steeper will also the water 
gradient the adjoining area. possible that this fact may 
account for the apparent anomaly the seepage curve peaking several 
weeks prior the dates when highest water the reservoir was 
reached. The rate filling indicated the steepness the 
capacity curve, and will noted that the summits the seepage 
curve coincide fairly with the breaks the upward slope the 
contents curve, showing reduction the rate filling. 

The dependence seepage the rate filling also indicated 
the marked difference seepage for the same water elevations 
under conditions filling and emptying the reservoir. For in- 
stance, August 10th, 1909, return flow, during emptying, commenced 
with the reservoir water 589, while previously, February 26th, 
1909, with water the same elevation, the seepage loss during filling 
was sec-ft. Similarly, 1910, the return flow commenced 
with the reservoir emptying and with the water 591, 
while December 30th, 1909, with the water the same elevation 
and the reservoir filling, the seepage loss was sec-ft. 


The totals the losses from the reservoir for various periods are 
shown Table 
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PLATE XXXV. 


Fic. 1.—Top AND DOWN-STREAM SLOPE, COLD SPRINGS DAM. 


Fic. 2.—Up-STREAM FACE AND GATE-TOWER, Coup SPRINGS DAM. 
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Maximum 
6717 
811 
The evaporation loss was determined applying the evaporation, 


measured each week floating pan, the average reservoir surface 
for that week. This method leads too small results, because the 
evaporation proceeds from the marginal areas well from the 
water surface, and because the actually exposed reservoir surface 
times wind, when evaporation most rapid, increased the 
formation waves far greater degree than the case pan. 
Therefore, the resultant seepage losses given are correspondingly 
too large, the writer having been unable find satisfactory basis 
for applying corrections. 
The only evidence escaping seepage water was the creek 
channel below the dam, which averaged, measured Weir No. 
for the three periods given Table 0.7, 1.4, and 1.8 sec-ft., 
respectively, resulting aggregate visible flow 2630 acre-ft. 
Assuming that one-fourth this may charged outlet canal loss, 
1970 acre-ft. may have come from the reservoir visible flow and the 
remainder, 18184, less 1970, 16214 acre-ft. reservoir seepage 
must have been stored the ground during the period years 
and 103 months. Comparing this with the maximum area covered 
386 acres), the loss about 11.8 ft. depth per acre, sufficient 
fill soil having 45% voids depth ft. the depth bed- 
rock may average more than this, and especially the water move- 
ment must largely horizontal, the losses above recorded not seem 
surprising. probable that losses this character will continue 
for several years, until some average water-table the surrounding 
soil shall have been established, after which the loss during the early 
season will largely offset return flow emptying the reservoir. 
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Settlement.—The dam was finished with super-elevation 
the height, previously stated, take care possible settlement. 
Bench-marks established the concrete bridge piers the time 
construction and points the water slope where the dam highest, 
show settlement date about per cent. series bench- 
marks was established top the dam January 2d, 1909, after 
depth ft. water had stood against the dam during the 
previous season. bench-marks show subsequent settlement, 
varying from 0.1 0.45% the height, the maximum settlement 
any point being 0.366 ft., where the dam ft. high. 

The dam design was approved the Director and the Chief 
Engineer the Reclamation Service, and Wiley, Am. Soc. 
E., Consulting Engineer. The designs were prepared and the 
work executed under the general supervision Mr. Hopson, 
Associate Supervising Engineer, and the writer. The project was 
immediate charge John Whistler, Am. Soc. E., and 
the engineering and construction work the dam was charge 
Mr. Davis. For the last two years the project has been 
charge Newell, Assoc. Am. E., who has directed 


the later work and measurements. 


Dam. 


This dam lower than the Cold Springs Dam and contains less 

material, but comparative interest was built the hydraulic 
branch the Okanogan River, which empties into the Columbia 
River. The dam part the Okanogan Project the United States 
Reclamation Service, intended for the irrigation 10000 acres 
land along the west bank the Okanogan River, between the Towns 
Okanogan and Riverside. land lies benches above the 
Okanogan River, which has too flat grade serve source 
supply. The water, therefore, derived from the Salmon Creek, and 
the midsummer flow very small, the storage flood flow was 
necessary. 

Part the needed storage (1800 acre-ft.) found utilizing 
Salmon Lake, situated side just above the main reservoir. 
The main storage was created the Conconully Dam, the principal 
features which are follows: 
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Greatest height above bottom creek 


Width valley center line dam. 815 
Length crest dam.............. 1010 
Up-stream slope: upper portion 23:1, 

3:1 
Down-stream 2:1 


Capacity reservoir above outlet 


Required capacity outlet 100 sec-ft. 
Area reservoir high-water 460 acres. 
Drainage area above dam............ 113 sq. miles. 


The dam intended store the waters the creek which 
located, and therefore independent feed canal. The drainage 
area above the dam distinctly mountainous and forested character. 
much being forest reserve. The flow from Salmon Creek varies 
from sec-ft. during months the year. The flood months 
are April, May, June, and July, during which the flow usually ranges 
between 100 300 sec-ft. The maximum flow recorded since 1904 
577 sec-ft. 

Reservoir dam miles above the mouth Salmon 
Creek and immediately below the junction the two forks called the 
North and the West Forks, shown Fig. The water the 
reservoir fills basin with high-water area 460 acres, the water 
backing the limits the Town Conconully. 

The reservoir surrounded mountains all sides except the 
east where extensive gravel bar exists, which probably glacial 
moraine. Without this bar, the water from the reservoir would flow 
easterly direction down Scotch Creek. The bar its southern 
extremity rests against the mountain slope which farther down forms 
the east abutment the dam. The width the bar the spillway 
crest elevation about mile. its eastern slope small springs 
exist, which give rise Scotch Creek. Water first appears eleva- 
tion above that Salmon Creek the west side the bar, although 
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most the springs are lower elevation. 


possible that these 


springs may result part from seepage from the creek, but con- 
sidered more likely that they find their origin drainage from the 


mountain side the south. 


Fish 


considering the possibility seepage 


null 
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through this bar, from the rise water the reservoir, was found 
that the average water grade with reservoir full would about 165, 
and, aside from the fact that the reservoir side the bar blanketed 
with mixed material (including some surface loam), and that the 
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gravel principally made sand, was believed that the slight 
water slope precluded any possibility material losses. 

The flow Creek has been measured determine possible 
and any should take place, will easily possible 
divert for the irrigation the lower lands. The reservoir water 
released into Salmon Creek and picked diversion dam about 
miles down stream. 

The reservoir bottom consisted meadows, and was covered with 
thick brush, which has been slashed and burned. The surface soil 
black sandy loam for depth ft., below which the sand 
gradually becomes cleaner, deeper layers occasionally showing coarser 
material, the rock being unknown depth both the reservoir bottom 
and the dam site, where soundings were continued depth 
ft. 

The dam the outlet the valley, where contracts 
width about 1200 ft., the gap being further reduced low 
mountain spur from the west, leaving opening, about 1000 ft. long, 
closed the dam, the spur serving the purpose spillway 
being cut down for width 180 ft. the proper elevation. 

The formation the hillsides close, heavy granite, but the 
above mentioned spur this granite merges into limestone rather 
soft and seamy character. 

Design Dam.—The total height above the valley bottom which 
the water was raised about ft. The foundation could not 
made water-tight, and the design simply aimed retardation the 
percolation providing broad base the dam due flat slopes, and 


driving row sheet-piling, running across the valley, joining the 
rock slopes both ends. 


Materials following materials were available for 
dam construction: 

Fine sandy loam near the surface, the valley bottom, principally 
found stream from the dam; 

Gravel and sand from the gravel bar the east the reservoir, 

Talus material the west mountain side, just below the dam, 
consisting sand and silt from the disintegration the 
granite rock, mixed with angular rock fragments sizes from 
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The latter material was selected that most suitable for the dam, 
connection with the method construction followed. 

The location the dam quite remote, the nearest railroad 
station being Wenatchee, Wash., 105 miles distant, from which material 
can shipped river steamer Brewster, whence the wagon haul 
over mountain roads the work miles. 

The country affords praetically local labor, and for machine 
repairs would necessary send Spokane, Seattle, Portland. 
Thus was desirable depend little possible mechanical 
equipment, and utilize the local resources their maximum extent. 
The use the valley bottom material would have implied the installa- 
tion pumping machinery, connection with either hydraulic 
mechanical means transportation, the ground-water was close 
the surface. Gravel and sand, obtainable from the gravel bar the 
east side the reservoir, would have necessitated the importation 
steam shovel, and probably railroad equipment. The material 
available the steep mountain side above mentioned could had 
practically any elevation, and could moved the hydraulic process. 
Water was available the West Fork Salmon Creek diversion 
through 3-mile flume, the creek flow being sec-ft. and more during 
April, May, and June, and gradually dropping sec-ft. August 
and September. 

The pit material, revealed numerous test-pits, appeared 
contain sufficient proportion silt for producing tight core. 
Consequently, the hydraulicking process was adopted, and the dam 
was designed accordance therewith, the plan and sections being 
shown Fig. 

The character the material hydraulicked 1908 best shown 
the physical analyses (Table after from 40% material 
coarser than would pass 13-in. screen had been eliminated. 

Much the material hydraulicked 1909 and 1910 was coarser 
than that from the 1908 pit No. the whole, the material was 
found far coarser than had been inferred from test-pit examina- 
tions. 

was considered desirable place the core section near 
forward the dam practicable have backed the 
maximum quantity more open material. result, the central 
plane through the core has down-stream inclination. was ex- 
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pected that difficulty would result from this position the core, 
would possible keep the down-stream dumps higher 


elevation than those stream and thus maintain the central pond 
point well forward toward the reservoir side. 


Dam. 


PERCENTAGE, WEIGHT: 


Pit No. Pit 
Average three samples. Average three samples. 
2 No. 4 27.2 2.69 
No. 12.4 6.21 
10 20 11.9 3.738 
20 40 3.8 1.46 
40 60 14.5 5.79 
60 80 3.9 2.07 
80 100 2.4 0.97 
100 200 6.1 4.45 
100.0 100.0 


The core section connects with the side-hill cleaning bed- 
rock and excavating rock trench line with the inclined central 
core plain. drainage trench was provided the down-stream toe 
the dam, filled with coarse material, hydraulicked in, connecting 
with the old creek channel below the dam. 

The spillway has crest length 180 ft. and crest height 
ft. below the top the dam, giving approximate overflow capacity 
4500 sec-ft., with ft. freeboard the dam, about sec-ft. per 
sq. mile drainage area. was cut into the west ridge and was 
provided with concrete crest and channel lining, the point discharge 
the foot the hill being 300 ft. from the down-stream toe 
the dam. 

The discharge from the reservoir through tunnel the hard 
granite mountain side the east, partly lined with concrete, 
which two 36-in. common water-works gates were installed. These 
are set side side, and operated through vertical shaft connecting 
with the surface and well stredm from the center line the dam. 
The tunnel was left unobstructed, and the water stored during the 1909 
season was controlled temporary wooden gate the shaft, the 
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Fic. 2 SECOND-STAGE FLUMES AND CENTRAL POND, CONCONULLY DAM. 
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final gates not being installed until the summer 1909. The 
required discharge capacity 100 sec-ft. 

Construction.—Construction was commenced the summer 
1907, during which year the following work was done: 


Building miles feed-water flume, mostly steep mountain 

dirt flume, partly mountain side, partly trestle; 

Driving and jetting 855 ft. 12-in. triple-lap, tongued and 
grooved, sheet-piling, ft. long, for distance ft. into 
valley bottom; 

Excavating 395 ft. 9-ft. outlet tunnel, partly lined, 
through the east mountain side, and excavating vertical 
shaft; 


Partial excavation the spillway gap the ridge the west 
end the dam. 


During the season 1908, 97000 cu. yd. material were sluiced 
from the borrow-pits, and the spillway excavation was completed and 
lined with concrete. the end the season, second-stage flume 
trestles were erected. 

During the season 1909, 188 000 cu. yd. material were sluiced 
from the borrow-pits, and the permanent gates were installed the 
outlet tunnel. 

During the season 1910, the remaining cu. yd. material 
were sluiced, mostly from the second-stage, and partly from the third- 
stage flumes. The dam was completed during August, 1910. 

The building auxiliary structures presented special points 
interest, and the following remarks will confined the hydraulick- 
ing feature.* 

The original supply flume had capacity sec-ft. Its location 
shown Fig. the end the 1908 season was decided 
increase this capacity sec-ft. Small storage reservoirs were built 
above the flume intakes permit concentration the flow during 
the dry season for two shifts one shift each day. The large 
boulders found the pit had broken blasting, wasted, 
prevent them from accumulating the bottom. For this reason two 
pits were kept operation alternately. 


description the details the hydraulicking work during the year 
1908 was published The Engineering Record, April, 1909. 
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The feed-water was led down the mountain side through 14-in. 
No. 16, steel, slip-joint pipes, one line pipe for each borrow-pit, 
and was used partly the giant, which consumed from sec-ft., 
through nozzles changed from in. diameter, required. 
The water was supplied under pressure due the difference 
elevation the feed-flume and the bottom the pit, which difference 
ranged from 129 169 ft. for the first stage, and from 114 140 ft. 
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for the second and third stages. flow from sec-ft. was 
delivered under pressure through 4-in. pipe the head the 
borrow-pit dirt flume near its bottom, serving push-water. The 
remainder the available water was used push-water the point 
where the pit flume dropped its load into the main dirt flume. 
small quantity water, however, was allowed enter the pit its 
upper end level with the supply flume, order cause the fine 
upper material slide from above. 
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screen was used the head the pit flume during 
the 1908 season, exclude large rock, but its use was discontinued 
after the water supply was increased. 

The main dirt flume ran along the lower edge the pits opposite 
the point the dam equidistant from its ends, and then proceeded 
high trestle from the mountain side the dam. reaching 
the dam, the main flume connected either side with two lateral 
flumes near the down-stream toe the dam, and continued similar 
flumes close the up-stream toe. When the dam was built 
the elevation the first lateral flumes, the main trestle was raised 
ft., and was connected with new flume laid along the mountain 
side, while the new lateral flume trestles were built closer the 
center line the dam. the final finishing the dam, single 
flume was built trestle near the center line. 

The main dirt flume was built with wooden sides slightly inclined 
outward, and with curved bottom No. mild steel with 12-in. 
radius. The width the top was ft. in., and the total depth 
2ft.3in. The velocity the water ranged from ft. per sec. 

soon became apparent that the angular rocks sliding the 
bottom caused serious wear, and when 11000 cu. yd. had been 
delivered, many holes had been worn within strip the center in. 
wide, the steel higher showing little wear. The flume was then 
given flat wooden bottom in. lined with No. 
mild steel, which stood the wear far better. 

the end the first season, when was decided increase the 
water supply from sec-ft., the dirt flume was rebuilt 
rectangular shape, with bottom in. wide and lined with 
high-carbon steel, and 27-in. sides lined for the lower in. with No. 
mild steel. The heavier and harder steel answered the purpose satis- 
factorily, and lasted through the delivery 252000 cu. yd. 
material, showing serious wear only the butt joints. 

The flumes had grades, except the short borrow-pit flumes, which 
had grades, and the third-stage flumes for the finishing the dam, 
which for part the distance back had grade. 

The material was discharged from delivery points the dam two 
rows cones, forming ridges, the principal ridge being along the 
down-stream slope. deflecting screens, gratings, spouts, and other 
means, the coarsest material was discharged, far possible, out- 
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ward, and the finer material inward, toward the pond maintained 
between the two ridges. The surplus water from the pond was drawn 
off the reservoir side through flumes near the ends the dam, 
which were alternately raised in. time, the pond being main- 

The material settling the pond consisted very fine sand and 
silt, the coarser sand and gravel coming rest the sloping sides 
the pond, and the large rock dropping vertically and sliding down 
the cone slopes. The pond first was quite wide, but, elevation 
was gained, narrowed such extent that spite skillful 
handling, the sloping coarse sand layers would times extend well 
into the puddle section and sometimes clear across it. Such layers 
were broken systematic stirring with paddles, but when this 
tendency stratification became more marked and could not satis- 
factorily prevented counteracted, was decided introduce 
artificial core with puddling material from other sources. The sur- 
face material the valley below the dam, consisting black, loamy 
sand, was well suited form core. This material was hauled 
up-hill road, dumped platform and washed into 
the dam through 8-in. pipe. order insure against stratifica- 
tion across this core, two wooden diaphragms were built 4-in. 
studding and 1-in. boards, which were first given vertical position 
and made step back sections, have their center plane 
correspond, nearly possible, with the center plane the general 
core, but which were later built sloping position. Thus, while 
the material from the upper borrow-pits was hydraulicked the 
slopes, the core material was washed through the 8-in. pipe between 
diaphragms. The artificial core was started ft. 
above the general base the dam the late spring 1909, and was 
continued about ft. the high-water line. contains the 
aggregate cu. yd., and, owing the long haul about 1000 ft. 
up-grade, and also the necessity using large quantity 
lumber for diaphragms, its cost was quite high. 

The coarse rock, dumped the outer slopes, was sufficient 
size serve rip-rap, but did not prove possible deposit 
final slopes the use water alone, and after hydraulicking was 
completed, required large amount hand-work obtain reason- 
ably good slopes. 
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the quantity rock found the borrow-pits was larger than 
had been estimated, the relative quantity rock the water slope 
became sufficient justify the steepening this slope from 3:1, 
had been originally designed, 24:1 for the upper ft. the dam, 
shown the dotted lines the central section Fig. 

The dam was built with super-elevation ft. across the valley, 
equivalent nearly its height. view the hard pounding 
and washing which the material received being dumped, and the 
prevalence sand and gravel, this provision may seem excessive. 
During the progress construction, however, was found that 
the load came the base, considerable settlement occurred the 
trestles, due apparently compacting the fine loamy sand the 
foundation. The amount this settlement, extending over the last 
560 days construction, shown Fig. contour lines, the 
maximum settlement being 3.9 ft., and occurring along the old creek 
bed. total volume, this settlement amounted 500 cu. yd., and 
while may have ceased the completion the dam, was deemed 
wise finish the super-elevation above mentioned. 

Careful watch was kept for possible evidence swelling 
the ground surface beyond the toes the dam, but none was observed. 

The degree effectiveness the sluicing for each season shown 
Table 

TABLE Dam. 


Average 


Hours Average| yards cubic Average 
pits. 
| 
April 22d-October 15th, 1908... 1935 | 231 13.2 97 165 50.2 | 2.85 
a 14th-November 13th, 1909. 2892 | 564 20.2 188 300 65.1 | 2.42 
March 24th, 1910...... 154 297 22.3 900 55.4 1.87 


The decreasing percentage material carried the water, 
spite skill and larger water supply, due the increas- 
ing proportion coarse rock the borrow-pits. will observed 
that, the total 7073 hours sluicing, 1092 hours, about 15%, 
were lost. This was due principally clogs the dirt flumes, and 
part also breaks the feed flume, and the necessity replacing 
the dirt flume bottoms. 
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REAS 
Note:- Where settlement was 0.0 = 306 200 Sq.Ft. 

not observed during entire time 0 
of construction, the ebserved 1,0 = 170 120 
settlement: Time elapsed= probable 1.5 = 129 960 
total settlement: Time between first 2.0 = 83 680 
observation and July 1, 1910. 2.5=— 44720 
(See Diagram) 3.0= 2 

3.85 = 
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The largest output any one day was 181 cu. yd. per hour, 
which time the water carried solids. The largest rocks carried 
the flume, with sec-ft. flow, weighed 250 

The waste-water from the pond did not run out perfectly clear, but 
contained from 0.1 0.2% silt, which sometimes rose 0.5 per cent. 
The total loss silt from this cause during the entire work esti- 
mated 20000 cu. yd. 

The segregating effect the water caused increase dam 
measurement over borrow-pit measurement, possibly offset part 
shrinkage where sand, gravel, and rock, with some silt, happened 
well mixed the dump pile. The swell volume during the first 
season was estimated 12%, but, for the completed work, lower 
percentage computed, follows: 


Sluiced from side-hill borrow-pits 349 455 cu. yd. 


Remaining dam, pit measurement.... 329455 cu. yd. 
Volume 

original surface.... 336000 cu. 

original surface.... 15500 


Total volume dam... 351500 cu. 
From valley pits........ 11600 


From side-hill pits, bank 


measurement 
Swell, 3.2% 445 cu. yd. 


Many physical analyses were made the material the tight 
section the dam, which those Table are representative. 


Table contains the results few percolation experiments which 
were made. 

The temperature was not noted continuously, but 
quently reported have averaged approximately 70° Fahr. correc- 
tion has been applied the basis Hazen’s formula, and the figures 
Table are basis 50° temperature. 
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TABLE ANALYSES. 


Stops PERCENTAGE, WEIGHT. 


0.52 0.16 6.70 9.38 0.56 

0.76 2.34 23.59 12.26 
7.68 10.66 15.52 43.45 10.16 0.58 
12.21 8.16 9.65 5.7 12.69 0.84 
100 7.70 5.83 2.41 6.25 0.58 
100 200 12.60 29.14 19.00 
36.48 35.49 1.50 30.86 


Source 


Side-hill borrow-pits. Valley borrow-pits. 


Coarse 
Pure silt. jsand Fine, black, sandy 
stratified 


core, 


GNV ATINNOONOD 


Percolation rate, gallons per 
Sample. acre per day ft. material Rate observed end 


under 3-ft. head. following period. 


561 000 hours. 


TAMPER. 


The high rate percolation the fine silt, Sample surprising, 
even though the material was not compacted the tank except 


far settled subsequent admission water. Samples and 


No sieve 
100.0 100.0 100.0 100.0 100.0 100.0 
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showed one-third the rate percolation when tamped, compared 
with being put loose, and this ratio likewise applied 
Sample rate might have been noted nearly 190 000 gal. per day. 
The sandy loam, represented Samples and may con- 
sidered water-tight. Sample was taken closer the point dis- 
charge than Sample and averaged coarser, which explains the high 
rate percolation. 
Referring again core silt, per Sample the effect com- 
pacting superincumbent weight would probably reduce its rate 
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percolation, there being apparent reason why this material, when 
well packed and with surplus water squeezed out, should not tight 
clay. 


SECTION MATERIAL PLACED DAM 
AND ITS DISTRIBUTION 


Crest Width 20/ 
Lateral-2nd Stage 


2311.2 3rd Stage Flume ,3¢ Grade 
330 2 

= 


2296.5 


nd Stage Flume 4% Grade 


1st Stage Flume 
Lateral—Ist Stage 2278:8 if 


Average Hi. 2255 Average El. 2255 


“Drain Trench 


4 ht of 4 
Sheet Piling Height of Dam 60 


The results with Sample which was taken from coarse sand 
layer which had penetrated the silt core, shows the absolute necessity 
avoiding stratification, and justified the additional expense involved 
the adoption the artificial core. 

The distribution the material the dam built fairly repre- 
sented the cross-section, Fig. which also shows the stages com- 
pletion the end each season, and may with advantage com- 
pared with the central section Fig. showing the original design. 

Cost.—The total cost the reservoir, arranged its principal 
features, shown Table 

The items Table include all charges for administration, 
engineering, and general expenses. The cost puddle core includes 
lumber for diaphragms. 

The total material the dam cu. yd. and the combined 
cost hydraulicking and puddle core $178 522, making the average 


i} 
Maz. H.W.S. for 4500 s.f, passing kway =2291,1 
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cost, the basis bank measurement, 50.8 cents per cu. yd., includ- 
ing lumber for core and all overhead charges, but exclusive the cost 
sloping. 
TABLE 7.—Cost Dam. 
PER CuBIC YARD, 
BaNK MEASUREMENT. 
Hydraul-| Main 
pits, 
| $89 900 11 600 
yd. cu. yd. 
Main dam: 
Creek diversion...... 
Clearing dam 936 
Hydraulicking: 


The details the cost hydraulicking are shown Table 
The prices paid for labor were follows: 


Common labor......... $2.25 $2.50 for hours. 
Powder men........... 3.00 


will noted that the steel lining cost 4.25 cents for material, 
and 1.48 cents for replacing, total 5.73 cents per cu. yd. 
sluiced material the dam. 

Results—During the season 1909 after danger from flood was 
past, water was allowed rise against the dam Elevation 253.3, 
ft. above the valley bottom. the dam was still unfinished 
with the opening spring 1910, was necessary observe great 


| 
| | | | ‘ 
7 
7 
7 


Papers.] EARTH DAMS THE RECLAMATION SERVICE 495 


TABLE ConconuLLy Dam. 
PLANT. 


Cost, cents per 
cubic yard. 


Feed supply dams and $17 140 
Dirt-flumes and trestles, exclusive flume lining 128 
Steel lining 964 
Pipes, giants, and hose 725 
Electric light plant 250 
Proportionate share camp buildings 1116 
Superintendence 5 076 
Administration, engineering, and general 805 


$71 204 
Less value plant hand 105 


$69 099 


Rubber boots and clothing 

Proportionate share camp buildings............... 
Superintendence 

Administration, engineering, and general expenses. 


— 


Cost, cents per 
cubic yard, 
measurement. 


Foremen 

Building road pit 

Clearing borrow-pit 

Giant men 

Pit men 

Clearing pit rock 

Building lateral flume pit 

Hauling and laying pipe pit 

Spreading material and puddling dam 

Carpenters dam and 

Blacksmith 

Operating light plant 

Dismantling plant 

Proportionate charge for camp 
Superintendence 

Administration, engineering, and general expenses. . 


5.04 
5.94 
4.40 
1.09 
0.87 
1.49 
2.29 
20.95 
0.62 
| 
150 0.63 
0.80 
170 0.05 
0.28 
| 571 
547 
| 2 707 9 
4975 
$74 755 21.99 
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caution permitting storage until the work had reached spillway 
height elevation. Thus, storage could not commenced early 
date, and the reservoir was not filled during 1910 elevation 
higher than 271.5, about ft. above the valley bottom, and about 
15.5 ft. below spillway height. 

small spring existed the down-stream base the spillway 
ridge, midway between the west end the dam and the discharge 
end the spillway, which had been kept under close observation, 
being deemed probable that might supplied from ground-water 
from the up-stream side the spillway ridge. This view was con- 
firmed when the flow increased during the 1909 season from its previous 
steady flow 0.115 sec-ft., 0.21 sec-ft. the water rose ft. 
above the valley bottom, after which dropped back its original 
amount the reservoir was gradually emptied. 

During 1910 the water rose ft. against the dam, and the flow 
the spring increased 0.52 sec-ft., after which dropped back 
0.10 sec-ft., slightly less than its original flow. When the water 
the reservoir reached Elevation ft. against the dam, 
during the 1910 season, new springs made their appearance near the 
foot the spillway, away from the dam, the water apparently com- 
ing along line juncture between limestone and granite. The 
flow gradually increased 0.99 sec-ft., with the reservoir water 
2271.5, and ceased after the reservoir water had dropped back 
Elevation 2260. About one-half the above flow came from single 
point. 

should stated, this connection, that the excavation for 
the spillway revealed rather unsatisfactory rock, with seams and 
lines juncture between various formations, passing clear through 
the ridge. The excavated material broke quite fine, and was dumped 
against the reservoir slope the ridge, but was not rolled com- 
pacted any mechanical way. not improbable that this loose 
dump will gradually compact, due the action the water, and may 
act some extent blanket. 

The springs involve special loss water, the water the 
reservoir will low until the commencement the flood season, 
which coincides with the commencement the irrigation season. 
The water comes through entirely clear, and the leakage constitutes 
element danger the dam the spillway. 
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The flow from Creek, the eastern base the gravel bar 
the east the reservoir, has remained stationary, flowing the 
rate 0.75 sec-ft. the point where measured, mile below the 
upper springs, except that varied slightly and rose 0.86 sec-ft. 
after heavy rains, and independent the elevation water the 
reservoir. 

Some water was flowing near the toe the dam during the process 
hydraulicking. Since the work stopped the flow has been measured 
and has fallen from 0.61 sec-ft. July 30th, nothing September 
10th, the reservoir the meantime being emptied. what extent 
this flow indicates leakage through under the dam, may 
attributable draining out the dam itself, yet uncertain. 

The dam may considered loose rock and gravel structure 
with puddle core. Some stratification may have occurred before the 
artificial core was started, which would undoubtedly lead some 
seepage. also possible that the sheet-piling may not make 
entirely satisfactory connection with the side-hill rock, although the 
piles were driven contact with the rock hard was feasible. 

The construction the dam consumed more time than was ex- 
pected, due largely smaller carrying capacity the hydraulick- 
ing water than had been estimated, resulting from the large percentage 
rock the pits. The aggregate contents the pits were barely 
sufficient for completing the dam, and left margin choice 

The design the dam was approved the Director and the 
Chief Engineer the Reclamation Service, and also Mr. 
Wiley, Consulting Engineer. The designs were made and construc- 
tion work was commenced under the general supervision Mr. 
Hopson, Associate Supervising Engineer, and the writer, and was 
completed under the supervision Mr. Swigart. The project 
was immediate charge first Andersen, Am. Soc. E., and 
later Mr. Ferd Bonstedt, and the work was personal charge 
Mr. Lars Bergsvik, with Laurgaard, Am. E., Engineer. 


may interesting make comparison with sections other 
earth dams built being built the Reclamation Service. Fig. 
shows cross-sections the following dams: 
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Clear Lake Dam, Klamath Project, Oregon-California. 
Bumping Lake Washington. 
Snake River Idaho. 

Deer Flat Boise Idaho. 

Belle Fourche Belle Fourche South Dakota. 
Avalon New Mexico. 


Pathfinder Dike, North Platte Wyoming. 


will noted that every cross-section shows open drainage 
material the down-stream side, with the single exception the 
Belle Fourche Dam, which built entirely clay, the nearest gravel 
being miles distant. 

The absence core-walls also general feature, the 
Pathfinder Dike and the Avalon Dam. the former core-wall 
was adopted because the uncertainty the tightness the 
available material, which had obtained from such scanty earth 
cover could found the vicinity the dam, from the break- 
ing the gravel hardpan, which the only material which 
large quantities were hand. 

The Avalon Dam, part private irrigation system, had 
twice failed. The first failure was due over-topping. The cause 
the second failure not known. Parties having some familiarity 
with the conditions deny that the second failure was due burrowing 
animals. The possible cause may have been the presence con- 
siderable quantity soluble gypsum the earthy material the 
dam, which canal banks has much trouble, and the menace 
which removed the core-wall. 

water slope 3:1 predominates, the Belle Fourche Dam being 
the most notable exception, the slope that case being 2:1 and being 
faced with 8-in. concrete slabs laid bed gravel. 

Most the dams mentioned above have been built the ordinary 
spreading, sprinkling, and rolling method, which for briefness may 
referred the mechanical, compared with the method. 

the Minidoka Dam, the earth facing the loose rock was 
mechanically moved and dumped. was dropped water, and 
spreading and rolling were thereby obviated. The material was not 
subject the sorting action the water, and remained mixed 
came from the pits. 
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Length 790" 


Contents~- Loose rock 31,700 cu, yds. 


Earth 27,100 
Riprap 3,000 « 
Spillway 360 
Area 25,000 acres 
Cap. 462,000 A.F. 


Length 3,000” 


Contents - 231,000 cu. yds. 


Spillway 235 
Area 1,800 acres 
Cap. 34,000 A.P, 


Length ) 
Contents- Loose rock 

Earth 

Riprap x 
Spillway 
Area 
Cap. 


Length 
Contents- 
Spillway 


Layer of small rock fragments 


cu, 


Clay with boulders 
CLEAR LAKE DAM~KLAMATH PROJECT 


3435 Pe and silt 


deposited on slopes 
and washed into core 


Earth and gravel 


—_—_ cu. yds. (mostly dumped in water) 


18" Riprap 


SNAKE RIVER DAM~MINIDOKA PROJECT 
(Diversion and storage dam) 


PATHFINDER DIKE 
(Built in connection with Pathfinder Masonry Dam) 
CROSS-SECTIONS 


EARTH DAMS 
Fia. 8. 


S Earth and Gravel, 


Loam, clay, hardpan, fine sand, gravel b ardpan, 
with sand and gravel below 


UPPER EMBANKMENT DEER FLAT 
Length BOISE PROJECT 
Contents- 
No spillway 
Area 9,250 acres 
Clean, coarse _ Cap. 186,000 A.F. 
natural gravel > 3 Gravel riprap 


slay and gravel hardpan, fine sand underlain 
by sand and gravel strata. 
Some soft limestone at one end of embankment, 
LOWER EMBANKMENT 
Length 
Contents- 


2880 


Length 

Contents- 1, 100 cu. yds. 
Spillway 14’ 

Area 

Cap. 


BELLE FOURCHE DAM 


8" Corewall 


12 Riprap 
_ 3164.1 


Rock 
AVALON DAM~ CARLSBAD PROJECT 


Length 1,300" 
Spillway 


Area 1,600 acres 
Cap. 6,000 ALP. 
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the Bumping Lake Dam, the material was moved mechanically 
the slopes, mostly dump-cars, and was washed water-jets 
supplied from hose-nozzles. The large cobbles, and considerable gravel 
remained place, while the sand and silt moved into the center, 


the coarse sand settling the inner slopes and the fine sand and 
silt the central pond. 


The hydraulic process has been used during the last few years 
numerous dams, especially the West. appears have decided 
advantages where circumstances render applicable, has been fully 
hydraulic work this character, the writer has become strongly 
impressed with certain phases this subject, which may oppor- 
tune submit for consideration. 

permissible place the water-tight element any position the 
dam, where deemed best, build any one the materials 
available, any mixture them, and fix for any dimensions 
desired. 

such freedom choice exists with dam built hydrau- 
licking. the position the core the dam, construction 
will greatly facilitated placing between two dumps, and, 
intended built material which clay predominates, stability 
may make this position practically necessary. 

The core material may obtained from special pit, may 
washed into pond from the slopes. the latter case the core dimen- 
sions cannot fixed arbitrarily, but must result from the proportionate 
contents pit material, which difficult, and may impossible, 
ascertain definitely advance. 

deemed desirable that the material the core shall 
thoroughly consolidated drainage and pressure the time the 
work completed, another difficult problem enters into the design, 
clays and silts vary greatly regard their retentiveness 
surplus water. Little definite information present available 
this important point. 


Transactions, Am. Soc. E., Vol. 196. 
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Materials rare occurrence that the material 
extensive borrow-pits runs uniform. When changes are encountered 
during excavation the mechanical method construction permits 
ready adjustment opening other pits, independent distance 
and elevation, other than affecting cost. 

The hydraulic method, while more dependent suitable propor- 
tions pit material, less elastic adapting itself changing and 
unexpected conditions, pits must located above certain inclined 
plane, which dirt flumes can built, unless the expense gen- 
eral reconstruction and the possible addition pumping. 

Variation Materials the material from pits 
handled dry constantly under easy inspection, and the disposi- 
tion the various materials can readily controlled. any 
time the more open materials, intended for the drainage part the 
dam should preponderate, that part the dam can made advance 
for short time ahead the remainder. 

With the hydraulic process such adaptation difficult, and 
times not feasible, the ponds must maintained slowly rising 
levels. certain stage the work operations may well adjusted 
the momentary proportions they are sluiced in, when unusually 
coarse part the pit may reached, and large excess sand and 
gravel may dumped before the necessity realized more 
rapid change discharge points. The sand slope will then build 
itself forward into the puddle pond, first not visibly because 
below the surface the muddy water, and, especially when the silt-core 
narrows toward the top the dam, any stratification which may 
occur may easily reach through the core. Again, excess clay 
silt may encountered the pit, which, sluiced for too 
great length time, may give rise layer the dam, such 
may produce local slides. 

The writer has heard argued that the silt-laden water flowing 
over sandy layers the core will cause the silt penetrate the sand, 
but has never found this the case, unless the sand had been 
actually picked the current. Over and over again has found 
clean layers sand reaching out into the silt core without any ap- 
parent mixing, and the fact that the pond may certain stage 
tight vertically, means proves that the material below not 
subject leakage horizontally. The above accord with the gen- 
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eral occurrence pure sand strata alluvial lake deposits, alternat- 
ing with layers silt. 

Character Core Material—Masonry, clay, and earth mixtures 
have their peculiar advantages for use cores, and each turn may 
the best adopt individual cases. When clay used, 
generally the object put place tough, thoroughly puddled, 
and compact condition, and give position the dam, where 
will well protected from atmospheric influences. Earth mixtures aim 
obtaining tightness the use coarser materials, such broken 
rock, sand and gravel, mixed with sufficient clay silt fill 
the interstices, thereby securing the same time stability and free- 
dom from shrinkage case drying. 

Experience with the process not sufficiently advanced 
define with certainty the thickness clay core which, hydrau- 
licked into place, can depended become thoroughly compacted 
short time pressure and drainage. clay sluiced into 
pond arrives place super-saturated condition, and the surplus 
water will only given off slowly. the mass great, the interior 
may remain semi-liquid condition for long time, endangering 
the stability the entire dam. 

The ultimate removal surplus water must accompanied 
reduction the space the clay. This implies not only 
downward settlement, which, excessive, itself objectionable, but 
also horizontal contraction, causing vertical cracks, which highly 
undesirable and may become dangerous. 

The writer led believe from his experience that tough con- 
solidated core large dimensions, which the clay mini- 
mum space, cannot produced with the hydraulic process 
usually practised. such results have been obtained cases which 
have not come his attention, believes that statement the 
conditions and any special means drainage, which may have 
been used, would highly interesting. 

regards core mixed materials reasonably controlled pro- 
portions, doubtful whether such core can made the hydrau- 
lic process; for the one strongly marked feature handling mixed 
materials with water that immediately the formation slopes 
active segregation takes place. 


Probably the nearest approach perfect core great thickness 
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which can hydraulicked, one composed fine sandy silt, such 
generally found the arid West, having little cohesiveness, good 
self-drainage qualities, becoming hard and solid after short time, 
and yet being, not perfectly, least practically water-tight. 

the core built whatever fine material washed into cen- 
tral pond from the slopes, there danger stratification, pre- 
viously stated. Opportunity for visible inspection, such con- 
tinuously afforded with the mechanical process, exists only infre- 
quent intervals, when ponds are drained, and after large masses 
material have been washed in. Therefore, dependence must placed 
sounding, which very uncertain revealing actual conditions. 

order counteract stratification, mechanical mixing has been 
attempted, such down and twisting paddles, having men 
walk through the pond with rubber boots, ete. best these methods 
are doubtful their results. Moreover, they are likely entirely 
ineffective stratification has proceeded beyond certain point, for 
even thin layers coarse sand offer considerable resistance paddling. 

Limiting Height—Some the foregoing considerations suggest 
that with clayey core materials, the core thickness which may needed 
the base ahigh dam may greater than can placed with 
safety the method, reason uncertainty drainage 
and proper consolidation. The use such material, connection with 
hydraulicking, would place practical limit the height which 
dam this type can safely built. 

With the same material, placed mechanically, and without excess 
water, there constructive limit the feasible core thickness, 
and the height which earth dam safely built, far 
this consideration concerned. 

Masonry masonry core adopted part the design, 
its construction interferes but little with the work, when carried 
dry. ease hydraulicking, however, the wall divides the pond 
into two parts, which are likely stand different levels and sub- 
ject the wall undue pressures during construction. one instance, 
the writer observed large hole cut through core-wall dam 
being built the process, apparently for the sole purpose 
equalizing pressures. 

core-wall prevents the up-stream part the pond from drain- 
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desirable commence reservoir storage prior completion, drainage 
requirements compel the maintenance much greater difference 
level between the surface the reservoir water and the top 
the completed work than might otherwise safe and permissible with 
mechanical construction; and the same holds true the dam given 
ordinary clay silt core. 

Drainage Element.—Considering rock-fill dams class them- 
selves, there are few the older earth dams which possess provision 
for drainage the extent having their down-stream sections con- 
sist open material. Such provision has the disadvantage lessen- 
ing the amount tight material which resists the flow water 
through the dam, and may thus lead increased percolation, but 
has the obvious advantage preventing the line saturation 
through the dam from intersecting the down-stream slope above the 
lower toe. All tendency slough thus avoided, which may most 
cases regarded far more importance than slight increase 
percolation. 

The hydraulic process, applied mixed materials, admirably 
adapted through segregation slopes, securing such drainage ele- 
ment the down-stream portion the dam, although similar sec- 
tion the up-stream side the dam, should have dimensions 
greater than necessary for core protection, may well considered 
objectionable, and cannot always avoided. The above advantage 
becomes little consequence where, was the case the Cold 
Springs Dam, good drainage material available for placing econom- 
ically the mechanical method. 

Time.—The comparative amount time required for construc- 
tion must depend local conditions, and each system may have the 
advantage where conditions favor it. What almost equal im- 
portance the total time needed, and may more importance 
when building across streams subject violent floods, the ability 
estimate the required time closely advance. Where mechanical 
equipment used, the factors affecting time are generally under 
close control. With the hydraulic method, the output dependent 
continuous water supply, percentage solids carried, and freedom 
from interruption through breaking water supply clogging 
dirt flumes. Each these factors likely contain elements 
serious uncertainty, which may attributed the apparent fact that 
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many hydraulic-fill dams have required far more time for their com- 
pletion than had been originally estimated. 

favorable conditions, sandy silt high banks, 
continuous and abundant water supply under satisfactory pressure, 
and well-adjusted flume grades, the quantity material that can 
hydraulicked short time remarkable, the proportion water- 
carried material sometimes exceeding per cent. such cases 
the cost per cubic yard may surprisingly low. 

With coarse material the percentage carried water rapidly 
cut down, even with increased flume grades the time lost clogs may 
relatively great, that the actual performance may become small 
and the labor cost high. 

Even with small labor cost, the plant charges hydraulic installa- 
tion, compared with mechanical equipment, may high 
throw the balance favor the dry method construction. 

Comparing the actual examples construction work described 
this paper, the cost per yard material the Cold Springs 
Dam averaged cents and the Conconully Dam cents, both 
based bank measurement, while the relative plant charges, the 
same basis measurement, were approximately and cents, 
making the balance the cost practically alike. 

Such comparisons are decidedly dangerous, however, and the above 
should not looked argument against possible cheapness 
the hydraulic process. The mere cost figures not show them- 
selves the difference conditions, and, while true that Cold 
Springs the material had raised and carried farther, the costs 
Conconully were greatly affected the remoteness the location, 
the necessity stopping work over winter, and materially smaller 
quantities. There can little question that the construction 
Conconully under the existing conditions would have been higher 
cost any other than the hydraulic method had been used. 

The difficulties, above pointed out, estimating the required time 
for hydraulic construction apply equally cost estimates, which 
respect greater certainty can probably had when the mechanical 
process adopted. This condition reflected the usual inability 
obtaining unit contract bids work, although this 
undoubtedly due part the lack contractors who have even 
limited experience this line construction. 
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foregoing comparison has been made some 
detail indicate what are believed the principal factors, which 
should receive attention, when the application the hydraulic method 
the construction large earth dams under consideration. 

appears the writer that the hydraulic process has important 
advantages special cases, and also that has decided limitations, 
not present well defined. Its potential economical possibilities may 
times utilized their full extent, and may under exceptional 
conditions accomplish results not otherwise readily obtainable. 

The mechanical process has the important advantage the con- 
struction high earth dams, designed contain great masses clay 
material which clay largely predominates, permitting im- 
mediate consolidation and avoiding the dangers from instability and 
possible future excessive settlement and shrinkage, which may result 
from initial surplus water, such would necessarily introduced 
the application the hydraulic process. 

cases doubt, the hydraulic and mechanical methods being 
equally applicable and showing little difference cost, believed 
that the mechanical method deserves the preference, reason 
greater certainty results quality, time, and cost. 
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THE ROCKY RIVER BRIDGE, 
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There has recently been completed, near Cleveland, Ohio, con- 
crete arch bridge having clear main span 280 ft. and rise 
ft. The length the structure over all 708 ft. The roadway 
ft. wide, and flanked two 8-ft. footwalks. The structure 
was built Cuyahoga County, over Rocky River, Detroit Avenue, 
and connects the suburban villages Lakewood and Rocky River. 
will carry double-track interurban railroad, and heavy vehicular 
traffic. 

The general design quite similar that the Walnut Lane 
Bridge, Philadelphia, but radical departure from the usual 
methods was made the construction, steel, instead timber 
centering, was used for the main arch. 

The contract for this bridge was let August 22d, 1908, and 
prior that time, contracting firm, desiring submit bid, retained 
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the writer design and estimate the cost the centering and forms 
required. 

The writer made preliminary plans for both timber and steel 
centers, including several types the latter, and finally decided 
the use the three-hinged arch being the most practicable and 


economical. Among the advantages which the steel centers possessed 
were the following: 


These centers were estimated least $15 000 
cheaper than timber centering the usual type. 

2d.—Freedom from danger being carried out ice. was 
evident that these centers would have the river 
least one winter, and there was great danger losing them 
timber centering the ordinary type were used. 

3d.—The three-hinged arch statically determinate structure, 
and was simple matter compute the exact stresses and 
deflections for each position the load. 

4th.—The deflection the hinged arch under load was found 
far less than that centers the truss beam type. 


the use steel centers for the construction permanent 
masonry arches such long span had never been tried before, the 
latter was essential consideration. far the writer aware, 
these were the first steel centers used for any but very short 
spans. 

The steel centers used the construction the 150-ft. arches 
the Delaware River Bridge the Delaware, Lackawanna and 
Western Railway were designed some months later, when the centers 
described herein were well under way the shop. 

After the contract was awarded, the writer was instructed 
prepare complete design for these centers. 

computing the stresses, was assumed that only the radial 
component the weight each voussoir was carried the 
steel centers, and that the tangential component would carried 
the timber bows, reinforced concrete struts placed the key 
sections. 

carrying out the work, both these provisions were made, the 
bows being sufficient strength carry the entire tangential compo- 


x 
| 
| 
3 
3 
‘ 
| i 


(Radial Pane! Loads, per truss, 


where single) beams will be used, through wedges, (beveled fillers.) 


70 000 
Timber Tie U2 150.000 
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000 1 Top plate 4" 

000 2 Side plates 10"x 5¢” 

000 2TopL?4x4x %& 


. -}- denotes compressive stresses 
tensile 


A = fall load stress 
B= dead» + 
M = maximum stress due to any possible 
partial loading under assumed system 
of loading. That is Sec.] first, then Sec, 
II, ete., allowing the ring on one side to 
be carried up not to exceed 16/ ahead 
of the other side 
Material.- Structural Stee] -Manufacturers 
standard specificationg 
Timber, L..L.Yellow pine except as noted 


Unit stresses. Tension in steel 22 000 

comp, 22 000 +1) 

Bending and direct comp. in timber 100 Ib, 
Bearing on concrete 600 Ibs. 


All details are tentative only and subject to 
change upon approval of County Engineer 


” 


Cast-Steel or Planed Wedges 
96 req. 


One complete arch, 2 sets of strusses, required 


PROPOSED CENTERING FOR MAIN ARCHES 
ROCKY RIVER BRIDGE 


Reactions at Lower Hinge, 
HI (superimposed loads ) = 870 000 


(dead ) = _187 700 
V (superimposed ) = 1 425 000 ‘ 
(dead 242 000 


‘Tangential Force = 2 285 000 for whole arch , 


000 5, 3 Uw g Cross-veem = 
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nents the loads, and reinforced concrete struts being also provided, 
indicated the stress diagram, Plate XL. 

This assumption has been criticized, and the best proof its 
accuracy which the writer can offer the fact that the observed and 
computed deflections corresponded precisely, and they would not have 
done had not this assumption the distribution the load been 
correct. The bows were simply laid the cross-beams, being left 
free move longitudinally thereon, and were carefully framed with 
butt joints, act arch ribs. 

The design was computed the assumption that the arch ring 
would concreted 15-ft. transverse sections, voussoirs, and 
was assumed that section one side the arch might completed 
advance the corresponding section the other side. was 
also assumed that the placing the voussoirs might take place any 
order, symmetrically about the center. Before checking, however, the 
order loading had been determined, and the computations were 
based the assumption such order loading. 

unit stress 21000 per sq. in. medium open-hearth 
steel was used, making the proper reduction for columns according 
Gordon’s formula for pin-connected columns. 

was decided use bolts instead rivets for all field connections, 
order facilitate removal, after the completion the work. 

These bolts were turned diameter in., and placed 
reamed holes. All holes for field connections were reamed 
the field, using reamers. 

The centers were designed erected approximately 
vertical position, and then lowered into position from the banks. 
The contractor, however, preferred erect them light timber false- 
work, which was removed soon the trusses were place. 
800-ft. cableway, installed for handling the concrete, was also 
utilized erecting the centers, and their removal. 

The weight steel these centers was approximately 400 tons, 
which about 160 tons were steel which were used the 
completed structure, being placed across the opening between the two 


arch ribs, transversely the axis the bridge, and encased 
concrete. 


The use part the steel the permanent structure 
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was quite item contributing the remarkable economy these 
centers. The cost was approximately follows: 


Material and fabrication.............. $20000 


Freight and 500 


Value steel used perma- 

Value remainder structure scrap 


500 
The above figures, exclusive wedges, take account over- 


head engineering charges, nor the cost timber lagging and moving 
the centers, the latter being very small item. 


Net cost centers... 


The two most troublesome problems solved were the provision 
for motion the steel arches, due temperature changes, and the 
design the lowering jacks. 

The County Engineer’s specifications provided that the timber 
centering contemplated therein should kept wet during the construc- 
tion the keys, and the writer’s original intention was keep the 
steel centers wet during the concreting and setting the last key 
(at the crown). city water would used, and practically 
constant temperature emerged from the pipes, would seem that 
this means, and using canvas screen the steel from the diréct 
rays the sun, the position the crown hinge might kept 
constant elevation for the length time necessary for the concrete 
the key harden. 

was decided, however, that this was unnecessary, the arch 
was not reinforced, and any rise the center hinge would only serve 
open the voussoir joint the crown. 

This voussoir, therefore, was concreted cool day, and the 
surfaces the two adjacent arch sections were oiled order 
prevent immediate bond, that there would danger the 
key being prematurely loaded; and the joint the crown 
was allowed open and close with changes. The opening 
was great in. one time. The rise and fall the center 
hinge was sensitive changes temperature, that Mr. Stevens, the 
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Resident Engineer, states that could determine the temperature 
the air measuring the opening. 

The computed deflection each truss, half arch, under full 
load was in., and the trusses were cambered this amount. The 
observed deflection corresponded with this precisely. evident 
that, the case reinforced arch, would have been necessary 
carry out the original intention wetting down the centers, but 
see how the principle reinforcing arch this 
kind ean defended, because the live load practically negligible 
comparison with the dead load, and the curve the arch can 
adapted the curve the equilibrium polygon, thus practically elimi- 
nating all bending and shearing forces the arch ring. 

Plate shows the stress sheet for one-half one center, 
and details the bows, lagging, will noted that the arch 
ring divided into voussoirs, which are given Roman numerals cor- 
responding the sequence concreting. The keys are designated 
letters, also corresponding the sequence which they were concreted. 

was found experiment that concrete composed one part 
Portland cement, one part sand, and two parts stone would attain 
great strength days the concrete used the arch ring would 
attain days. The rich mix, therefore, was used the keys, 
order that the centers might the sooner removed. Table gives the 
results these tests concrete. 
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Tables and give the observed deflections the steel arch under 
different conditions loading. 


EAST SIDE. 


Pin. 


6/09 76.819 74.540 66.150 52.315 33.495 10.415 84° tons place. 

9/09 76.708 74.470 66.150 52.380 33.505 10.410 85° tons place, Sec. 
place. 


8/17/09 76.682 74.466 66.106 52.296 10.391 Sec. ITI place. 
8/31/09 76.777 74.426 66.006 52.166 33.881 10.851 place. 
WEST SIDE. 
...... 74.455 66.210 52.310 33.490 10.400 85° tons place, Sec. 
8/11/09 ...... 74.428 66.098 52.288 33.478 10.390 74° and about ft. 
Sec. place. 
place. 


The rise and fall the centers due changes temperature were 
very carefully noted, both before and after loading, were also the 
deflections due partial loadings. 

The first the main arch rib was placed August 6th, 
1909, and the voussoirs were completed August 30th. The keys were 
run September 9th, and the centers were struck September 
28th. When the centers were moved into position for the second rib, 
the first arch rib and the columns, the springing line the 
spandrel arches, were place. 

The unit stress the arch rib due its own weight about 
245 per sq. in. The settlement the crown when the centers were 
removed amounted 0.038 ft. The curve the intrados, con- 
structed, varies from the computed curve less than in. the point 
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TEMPERATURE AFTER CONCRETE 


Elev. 


Date. Hour. 
9/ 9/09 1.00 P.M. 76. 
9/ 9/09 5.35 P.M. 76. 
9/10/09 | 8.304a.M. 76. 
76. 
9/11/09} 845 a.m. , 76. 
9/13/09) 1.00P.m. | 76 
9/14/09 8.55 a.m. | 76 
9/14/09 | 1.45 | 76 
9/15/09 | 9.00 a.m. | 76 
9/15/09 | 12.45 P.M. | 76 
9/16/09 9.00 A.M. | 76. 
9/16/09 | 1.00 e. Mm. | 76. 
9/16/09 | 4.00 P.M. | 76 
9/17/09 9.00 a.m. | 76 
9/17/09 | 1.05 P.M. | 76 
9/18/09 | 11.50 a.m. | 76 
9/20/09 | 8.50 a.m. | 76 
9/20/09 | 1.00 | 76 


was first intended use jacks for lowering the 
centers, and the writer, connection with the Duff Manufacturing 
Company, Pittsburg, worked out plan for lowering, using jacks, 
nests four, each jack having lowering capacity 105 tons; 
nests eight were operated single pump and reservoir. 

would necessary lock these jacks, owing the length 
time that they would called sustain their load one 
position, the Duff Manufacturing Company, designed special locking 
device which could released without lifting the ram. 

addition the jacks, the use sand-boxes, screw- 


wedges, and screw-jacks was investigated. 


the fact that these boxes would immersed water (as their 


position was below mean water was thought that would 
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sun. 


Cloudy. 
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CONCRETE 


finished. 


Trans. reading same as last night and this a. Mm 
Sun since 10.30. 

Trans. reading same as last night and 

when key 

Trans. reading same last night and 

when key completed. 

Trans. reading same last night and 
when key completed. 

Clear. Joint open 
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Clear. 


Cloudy. 


Joint open, .; in. 


practically impossible keep the sand dry. 


templated, were cast steel, and the estimated cost was but little 


Remarks, 


Trans. reading same last night when key 
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was found that the sand- 
boxes were little cheaper than any the other devices, but, owing 


The sand-boxes, 
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less than that the double-acting screw-wedges, which were finally 
adopted. 

The design these double-acting steel wedges, finally used, 
Fig. was suggested Felgate, County Bridge Engineer, while 
looking the writer’s design for similar single-acting screw-wedge, 
and appeared exactly what was needed. They were made care- 
fully annealed cast steel, four sections, planed all sliding and 
bearing surfaces, and very carefully adjusted uniform height when 
set position. The motion allowed for was vertical drop in., 
and the slopes were that locking would not required 
hold them under full load. They were lowered four men each 
Each wedge weighed approximately 1350 lb. 

Next cost the steel wedges were the screw-jacks, each which 
was designed lower 105 tons and lift tons. The hydraulic jacks 
were found the most expensive. 

Estimated cost sand-boxes......... 
screw-jacks 


“ 


Particular attention called the high class shop workmanship 


required the centers. The reaming was done with unusual care. 
The planed joints were required perfect, and were the best the 
writer has ever seen. fact, the workmanship was better than that 
required for standard railroad bridge work. view this, and also 
‘of the fact that the structure was free from impact, the writer 
the opinion that the unit stresses assumed were not unreasonable. 

The bridge was built Cuyahoga County, under the direction 
Lea, former County Engineer, and Lander, present County 
Engineer. The structure was designed Felgate, County 
Bridge Engineer. The Contractor was the Schillinger Brothers Com- 
pany. The Resident Engineer was Stevens. The centers were 
built the Interstate Engineering Company, and the wedges were cast 
the Variety Iron Works Company, Cleveland. 
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STREET PAVING CROWNS, WASHINGTON, 


Discussion.* 


formulas for street paving crowns, suggested Mr. Powell, 
the writer’s opinion that complicated formula doubtful 
utility. The crown made, primarily, for water parting, and, except 
for this, the advantage the inclination formed intersections, 
sharp curves, and possibly esthetic considerations, the roadway would 
have plane surface transversely. 

There have been, and, all probability there will be, many sug- 
gestions for so-called rational formulas—differing somewhat from 
uniform ratios—for determining the crown. appears that the first 
impulse many highway engineers derive formula cover 
this vexed question; also appears simple, first glance, 
write good one, but the further developed the more unwieldy 
becomes, until, finally, something almost complicated Kutter’s 
hydraulic formula (if rational) produced. Evidently, any formula 


which will not serve beyond the limits common practice not 
rational. 


The formula attributed Mr. Dare: 
6300 
000 


*This discussion (of the paper Powell, Assoc. Am. Soe. F., published 
Proceedings for March, 1911, but not presented any meeting) printed 
order that the views expressed may brought before all members for further discussion. 
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vice versa, which 


the width the roadway, inches, and 


Both these formulas produce lessening crowns increasing grades. 
The writer, limited practice, has observed that for impervious 
surfaces, such asphalt, brick, crown from 1.25% 
the distance between curbs, for any grade, will come about near 
meeting the requirements drainage and security travel any. 
For semi-pervious surfaces, which necessarily have element 
roughness, the crown should made from 1.5 2.25% the width 
the roadway. 
Such rules may considered too indefinite, but the engineer 
should exercise his judgment, the conditions may warrant, for 
this, every other branch engineering, judgment the prime 
necessity good design, and cannot always reduced formula. 
The writer not inclined view with much favor the plan 
shifting the crown from the center the roadway streets having 
one curb lower than the other, this not only extends the transverse 
slope the lower side—augmenting existing evil without accom- 
plishing anything, except, some instances, preventing the surface 
water from flowing across the roadway—but the unsymmetrical effect 
unsightly. 
The contention that the crown should lessened the steeper 
grades seems open argument, also, notwithstanding the fact 
that eminent municipal engineers have decided that this should 
done. lessen the crown, this instance, reduce the trans- 
verse slope minimum. Admitting that this feature most 
jeopardizing travel, must admitted, also, that has its 
greatest effect where the speed travel greatest, which most apt 
the minimum grade. cases where the crown greatly 
reduced steep grades, the gutters become too shallow prevent 
storm-water from intersecting streets from flooding out the crown 
and débris over the roadway. While this partly storm- 
water and street-cleaning problem, these factors should receive their 
share consideration. 
all elements are considered determining street crowns, 
degree complication produced which will hardly susceptible 
formulation. Withal, one those subjects which are not 
small enough leave nor large enough bother with, but which recur 
just often enough tantalize the engineering mind. 
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THE GOING VALUE WATER-WORKS. 
Discussion.* 


Freperic 


wishes express his appreciation the opportunity read paper 
well prepared men who have devoted much time and study 
this comparatively new field appraisement work—“Going Value.” 

has been the writer’s privilege associated with one the 
authors number appraisals water-works properties, and 
fully with the general views expressed this paper, but 
some particulars must take issue, though with reluctance that 
ventures enter discussion which may somewhat variance 
with the opinions men who have ably presented their subject. 
detracting from the merit of, the paper, but rather add its value, 
possible, pointing out some instances wherein its logic may 
strengthened, minor discrepancies may eradicated. 

The writer fully agrees with the authors that going concern 
cost much part the reproduction cost public service cor- 
poration’s property the reproduction cost its physical plant. 
fully accord with the statement that reproducing plant 
only proper and logical consider what would cost rebuild 
under present conditions; and that this applies the business 
the corporation well its physical property. The writer likewise 
uses the method adopted the authors, which they term the “Com- 
parative Method.” 

Problem Futures.—It should out, however, that the 


*This discussion (of the paper Leonard Metcalf and John Alvord, Members. 
Am. Soc. E., published Proceedings for February, 1911, and presented the meeting 


April 5th, 1911), printed Proceedings order that the views expressed may brought 
before all members for further discussion. 
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determination going value problem the future, and there- 
fore past present income cannot properly used basis 
computation, except far the past present may taken 
fair criterion the future. The writer maintains, therefore, 
that the only basis which going value may computed, with 
absolute impartiality and fairness both parties, determine first 
what fair rate the aggregate, proper return the fair 
value the property, and then apply the comparative method 
determine the going value. the present income property 
unreasonably low, due rates which are insufficient, manifestly 
unfair the company corporation compute the going value 
that income; and the present income unreasonably high, 
equally unjust the municipality use that income basis 
computation; furthermore, purely speculative assume that the 
income will continue unreasonably high the future, especially 
view the tendency toward the regulation public 
service corporation rates. Therefore questionable whether the 
authors’ definition going cost acquiring given 
income”—is logical one, unless first determined that the “given 
income” reasonable one, fair return the fair value the 
property. The fair value referred must, course, include the going 
value well the physical value. 

Riggs, Am. Soe. E., entitled “Valuation Public Service 
the writer defined “Going Value” as: 


“The present worth the amount which the anticipated profits 
going plant, operating reasonable rates, exceed the present 
worth the anticipated profits similar hypothetical starting 
plant [the comparative plant], operating those same rates.” 


Further study seems strengthen his faith this definition 
the logical conception going value, seems especially well adapted 
meet the requirement fairness both parties. any public 
service corporation takes exception it, must thereby concede that 
its rates are unreasonably high. the municipality takes exception, 
thereby acknowledges that the rates are too low, else confesses its 
desire unfair the corporation. 

the Parting the authors’ illustration the 
assumed capitalist, the parting the ways, well presented, and, 
their reasoning pursued its logical conclusion, there should 
confusion ideas the resulting “Going Value.” They state, 
further, that this assumed should take the first path, and 
buy the existing plant, 


“will evidently receive return his investment the net income 
indicated its past history, modified such circumstances will 
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likely influence its net income during the period when new 
comparative plant can reasonably hope overtake its development.” 

This statement certainly must contemplate that there may be, and 
fact are sure be, some circumstances which will influence the 
net income the future and may not apparent from the past 
history the property. Paramount among these circumstances 
rate regulation, and, this being true, prophecy future net income 
based sound unless the possibility rate regulation 
considered. Consequently, the capitalist the parting the ways 
will certainly have cause complain his engineer’s lack judg- 
ment this factor overlooked his computation going value. 

The Rate Interest Unemployed authors’ state- 
ment, that “the larger the rate interest allowed the unemployed 
the smaller the resulting going value,” apparently correct 
However, the corollary this statement would follows: 
the unemployed capital invested rate interest equal the 
net return from the existing water plant, then the going value reduces 
zero. This phase the problem merely emphasizes the correctness 
the writer’s contention that the income must that due reason- 
able rates. For manifest that, the net income the going 
plant not greater than the return unemployed capital, then the 
rates, the aggregate, are too low, for company should required 
perform publie service for less compensation than proper return 
capital invested other pursuits involving the same degree risk; 
and capital invested entitled larger returns than liquid 

must remembered that capital liquid form produces 
returns per until invested some productive enterprise, although 
the possessor such capital may allow some bank other investor 
use temporarily, keeping easily convertible invested form, 
and for this permission the bank other investor pays the possessor 
portion the profits accruing the temporary investment, thus 
resulting low rate interest. 

Going Value Development authors state that the 
past history water-works, many which were built during the 
Eighties, not fair criterion for the period required for the acquisi- 
tion development business water-works to-day. This appears 
conflict with their prior statement the same subject, but 
this latter statement perhaps the result more careful considera- 
tion and deeper study the subject. 

The reason offered for this statement, that the public now 
educated higher standards living, and the use water under 
pressure, which would result much more rapid development 
income water-works now than formerly, undoubtedly true; but 
this means the principal reason. far greater influence 
the fact that property invested house fixtures, plumbing, and 
sewer connections. 
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Some experts maintain that were not for the past existence 
the water-works system, none these vested property interests would 
existence, and that therefore these must ignored estimating 
the length time required for the acquirement the business. This, 
however, seems assumption entirely contrary pure logic, 
and not warranted the facts. corporation cannot take control 
the vested property individual, nor claim any assets benefits 
accruing therefrom. Hence, when considering the comparative plant, 
all property other than that belonging the water company itself 
must assumed remain intact, and any computation going value 
that fails take these conditions into account not accord with 


correct logic. These plumbing fixtures, house connections, bath-rooms, 

sewer connections, lawns that demand water service, and all kindred 

metropolitan conditions that compel the uninterrupted continuance 


the water service, are factors the existence which cannot denied. 
They are present actualities, and just much considered any 
local factor affecting the cost reproduction any the physical 
property. 


If, then, the appraiser consistent his logic, must face these 
facts and give due consideration thereto his estimate going value, 
just faithfully gives consideration the local factors which 
affect the cost duplication any the physical property. None 
the theories advanced the authors seems cover the true situa- 
tion, take into account all these factors vital correct and 
strictly logical solution the problem under discussion. 

The Stage Development.—Whether the plant finds itself 
stage development termed “over-built,” “normal,” “under-built,” 
recognized the authors proper subject inquiry determin- 
ing the going value. They state that the ability the over-built 
plant grow income its new capitalization cannot recognized 
computation going value; but, the case the under-built 
plant, they state that the net income may substantially reduced 
the incident the additional capital required bring the 
plant rational standard water-works construction. This latter 
statement, when applied their computation going value, would, 
course, substantially reduce it. 

true that the under-built plant should brought 
rational standard, and that the computation determine going value 
takes this fact into presupposing the normal condition 
exist, then why not also treat the over-built plant Would 
not any other treatment inconsistent with the logic? This again 
emphasizes the correctness the writer’s contention, that going value 
computation should based the theoretical net income which 
would from reasonable rates, regardless actual present 
income. Present income may unreasonably high, low 
border confiscation, and neither these situations would 
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fair equitable use actual income the proper basis computa- 
tion. the other hand, theoretically reasonable net income 
assumed foundation for computation, the question under-built 
over-built condition automatically adjusted determining the 
proper net income assume the particular case under consideration. 

Interest During authors have evidently fallen 
into error their statement: 


payments are inevitable all pro- 
jects; they constitute forced expenditure, alike with the 
cost the bricks and mortar, the pipes and the pumps, and cannot 
recovered any way except addition capital account floating 
debt.” 

little surprising that the authors should have become thus 
confused the very point which they had just stated had been the 
source some confusion the minds those who approach the sub- 
ject for the first time. That they are error manifest 
moment’s consideration their original hypothesis the assumed 
the parting the ways, “having hand the necessary 
capital.” Now, man who has the capital hand, seeking 
opportunity convert from liquid form invested form, does not 
have any interest charges pay during construction. construct- 
ing solely provide means whereby his idle capital may become 
useful and bring him returns. make this point more evident, 
suppose that the assumed capitalist had hand the necessary bricks, 
mortar, pipes, and pumps, and the necessary labor with which con- 
struct the plant, instead having hand the necessary 
putting his idle labor work and utilizing his otherwise useless 
materials, may convert his property into water-works plant which 
will bring him returns, but doing does not incur any item 
cost for lost interest during construction. Neither does the capitalist 
having hand the necessary capital. Both are exactly similar 
positions, seeking means whereby interest may earned their 
idle property. 

The lost interest during construction, therefore, must necessity 
appear element the going value, the comparative method. 
and include also the capital account charged against construc- 
tion the physical plant duplication accounts. their 
original hypothesis had assumed penniless promoter, the parting 
the ways, with ability borrow the necessary capital, lost interest 
during construction would then proper item charge the 
capital account the comparative plant, but this event the going 
plant would also have interest chargeable against it. error 
seems that they have treated the comparative plant having 
the penniless promoter, then this promoter 
miraculously converted into capitalist, without having bridged the 
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chasm between promoter and supposed require 
bridge mean proportions. 

Application Principles—This duplication accounts clearly 
shown Table wherein stated lost interest during 
construction, while Table shows the total net profits the existing 
plant. The capitalist the parting the ways, with capital hand, 
had taken the first path and purchased the existing plant, would 
have come into the immediate enjoyment the net returns set forth 
Table but, had taken the other path and elected construct 
the “comparative plant” would not have lost this desig- 
nated interest lost during construction, but instead thereof would 
have lost the opportunity realize the greater net return shown 
expense the capital account the comparative plant, because, 
the fundamental hypothesis the comparative method, his capital 
not earning, but seeking the opportunity earn. could not 
lose interest that did not possess. 

value subject which has but recently 
received study and careful consideration from engineers and 
appraisers. Any method advocated for its determination, therefore, 
must necessity pass through the successive stages development 
essential the perfection any new subject, and only 
earnest study, honest effort, and fair-minded discussion such papers 
this, that true progress can attained. largely exercise 
pure logic, and, therefore, not surprising that some erroneous 
conclusions should have been developed, based perhaps 
springing from illogical assumptions. with keen appreciation 
these conditions that the writer offers this dis¢ussion subject 
second none its demands for clear thought, deep logic, and correct 
conclusions. 

Any theories advanced the writer are offered invite discussion, 
the hope that this much complicated subject may thereby freed 
from some the confusion with which has become enveloped. 

Frye, Am. Soc. (by able paper 
brings out new point considered connection with the 
valuation water-works, namely: Shall the going value con- 
sidered the actual going cost, economically administered, build- 
ing the business the existing plant? shall considered 
the estimated going cost necessary developing the business the 
prospective duplicate 

The writer believes that before fair valuation the works can 
made, the appraisers should gather and formulate the following 
data: 

Aa. The actual cost the existing physical plant; 

Ab. The actual going cost connection with Aa; 
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Ba. The estimated cost the duplicate physical plant; 

Bb. The estimated going cost connection with Ba; 

table showing the annual profits, percentages, 

the total investments. 

Under normal conditions good management, the above going 
costs may considered going values; otherwise they may reduced 
going values possible elimination unnecessary 

The cost the project would then considered either, 
Ab; or, Bb; or, some compromise between the 
two; and the appraised value the project should based all three 
average the last few years’ profits capitalized the usual industrial 
rate interest, say 6%, more less. 

These should weighed and balanced very carefully, and 
course understood that interest included each the above 
cases. 

The contention the authors that the estimated going cost, Bb, 
rather than the actual going cost, Ab, should associated with the 
estimated cost, Ba, arriving fair appraisal value, is, the 
writer’s opinion, tenable one. 

Stearns, Past-Presipent, Am. Soc. (by letter).— 
the present time, the growing prominence matters relating the 
valuation and rate regulation public service properties warrants 
full discussion engineers all questions relating thereto, 
the authors this paper have presented valuable contribution 
the subject. 

may well state the beginning that the writer has been 
connected with the valuation water-works property for the purposes 
sale and rate fixing, and although the principles involved such 
are the main the same those other public ser- 
vice properties, they necessarily differ detail. 

The term “going value,” “going concern value,” un- 
fortunate one, because may given different definitions. The 
authors have defined “as the value created income, or—from 
the reproduction point view—the cost acquiring given income.” 
They also speak “the investment necessary put the plant 
into successful operation and create the revenues that justify its 
construction,” and, after this statement, say: “This portion the 
cost project has been termed the Courts, the ‘going value,’ 
the ‘going concern 

many cases, engineers and the Courts have referred the “going 
concern value” such way show clearly that they not have 
mind the above given; for instance, Justice Moody, 
the Supreme Court the United States, the Knoxville case, refer- 
ring allowance for the “going concern,” says: 
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“The latter sum understand expression the added 
value the plant whole over the sum the values its com- 
ponent parts, which attached because active and suc- 
cessful operation and earning return.” 


The Judge United States Court California, 
rendering important decision, less than three years ago, said: 


“The value the franchise and going business depends upon their 
earning power.” 


also said: 


plant with established business, with customers who have 
connected their houses with the Company’s distributing pipes more 


valuable than would without such connections and without such 
customers.” 


When there competition, there may “good-will” value con- 
nected with going concern which would not exist the concern 
were not going one, and this part the value the going concern 
would based the earnings and the degree success which has 
been attained; but when the public service corporation has practical 
monopoly and the commodity sold absolute necessity—as, for 
instance, water the inhabitants large city—it seems clear that, 
under such circumstances, there can practically “good-will” 
value included the “going value.” 

This the view expressed the United States Supreme Court 
the Consolidated Gas Company case, where stated: 


“We are also opinion that not case for valuation 
‘good will” The complainant has monopoly, fact, and 
consumer must take gas from without. will resort 
the ‘old stand,’ because cannot get gas anywhere else. The court 
below excluded that item, and concur that action.” 

The writer believes would aid the Courts and others new 
term were used for that portion the going value which represents the 
special expenses and risks connected with the construction the works, 
and the expense developing the business original works and 
additions thereto. The propriety including this portion the 
going value other sums than those relating the development the 
business will later. 

Halbert Gillette, Am. Soe. E., his recent discussion 
Mr. Riggs’ paper, “The Valuation Public Service Corporation 
has used the term, “development expense,” the same 
sense the authors have used the term, “going value,” and this 
some similar term seems less likely cause confusion than the 
term, “going value,” which, under some has more 
comprehensive meaning. 

seems generally admitted that the Courts favor the repro- 


Transactions, Am, Soc. E., Vol. 


Mr. 
earns. 


| | 

St 

q 

a 

| 
4 
l 


Mr. 
Stearns. 


526 DISCUSSION THE GOING VALUE WATER-WORKS 


duction method ascertaining the physical value property, and 
that they this, especially the case old property, first, because 
there may marked changes the value real estate and the cost 
works from the time they were built the time when they are 
valued, and the present and not the past value that desired; 
second, because the difficulty proving the legitimate cost works 
constructed many years before, account defective bookkeeping 
and illegitimate and extravagant methods construction; and third, 
account the abandonment parts the work which were 
included the original cost. 

There reason believe that, with normal works constructed 
legitimate manner, with efficient bookkeeping, and without change 
the prices real estate, labor, and materials, the Courts would 
prefer the estimated the actual cost the works, and also seems 
reasonable believe that they would not hesitate include the total 
outgo for the construction the works and the development the 
business, even though there were included the accounts the cost 
reasonable proportion temporary and unsuccessful works which 
had been abandoned and therefore would not appear the schedule 
used determining the cost reproduction. 

The writer, therefore, believes that, determining the reproduc- 
tion value the tangible and intangible elements connected with 
the development normal works and the business such works, 
the engineer should endeavor obtain results agreeing closely 
possible with the probable outlay the works question had 
been built and the business developed when the value real estate, 
the prices for labor and materials, and other circumstances, were the 
same the time valuation. 

Assuming the above view correct, does the authors’ method 
ascertaining the “going concern value,” defined the cost 
developing the business, represent the probable outlay for such develop- 
ment under similar circumstances prices and otherwise? 

Applying the rule water-works, the writer’s judgment, 
that, the case the works first introduced for the general supply 
city town, does apply, and gives development expense 
which would fair accord with the actual outlay for developing 
the business. 

firmly the opinion that, the case the water supply 
large city which long ago outgrew the capacity its original 
works and supplied mainly works which have been added from 
time time, the method used the authors will give result wholly 
out accord with the actual outlay for developing the business 
such works, even after making due allowance for difference prices 
and other conditions the time when the outlay was actually made 
and the time valuation. 
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clear that when works are first introduced into city 
town where the water supply obtained from wells inhabitants 
unaccustomed public water supply, and where for several years 
the demand for water likely represent but small part the 
capacity the original works, the cost developing the business 
likely considerable percentage the cost the works; 
whereas the cost further developing the business the extent 
required provide return expenditures for additions the works 
will generally much smaller percentage the cost such addi- 
tions. The latter statement will especially true cases where the 
return which the public service corporation permitted collect 
based the physical valuation the property and determined 
frequent intervals. 

For instance, the provisions the Constitution the State 
California require that the rates compensation collected for 
water supplied any city town shall fixed annually the 
governing body such city town. fixing such compensation, 
the physical valuation the property generally factor, and, 
accordance with certain legal decisions that State, usual 
exclude items property under construction the time when 
they are put use, and then include them portion the 
operating plant. Additions normal plant, therefore, become 
productive property which the same rate return allowed 
the other property the time the next rate fixing. That 
say, the cost developing the business for the additions the 
works substantially the loss interest their cost for period, 
averaging less than year, extending from the time when they are 
put use the time when they are included the physical valuation. 

Nothing the authors’ their method determining 
the “going value” “development expense,” the example illus- 
trating their method, indicates that the results obtained the case 
large and old plant will any smaller percentage the value 
the property than the case small plant, although, 
accordance with the views set forth the writer, the cost develop- 
ing the business for the additions which make the greater part 
large plant much smaller percentage than for the original 
plant. 

Mr. Alvord has given table* containing certain data the valua- 
tions water-works properties, including the going value attributed 
such properties. one takes the data from this table, omitting 
the places having less than 10000 inhabitants and the one place 
ing population more than 100000—the former being omitted 
because their small size and the latter because hardly possible 
that could supplied from its original works—and also omits one 
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Mr. case where there was competition between two rival plants, the follow- 
ing minimum, average, and maximum results are obtained: 


Average population 555 
Average net value physical property $774 567 
Average going value $133 269 
Going value per capita: 


Average ..... 
Maximum 
Percentage value net Minimum 


physical 


Average 
sented the going value: 


Mr. Alvord attention the lack relation between the going 
value and the value the physical property, and yet average 
the results attained number cases where rational methods 
were used will give approximately this relation the case normal 
plant. 


the typical illustration used Messrs. and Alvord, 
the statistics are follows: 


Population 300 000 
Net value physical property, including interest 
during construction 082 000 

Going value 897 000 

Going value per capita 

Percentage value net physical property repre- 

sented the going value 

The writer can easily conceive that there may actual de- 
ficiency the returns during the earlier years the operation 
normal water-works plant which will equal $133000 for 
valued $774000 and supplying 34000 people, but cannot con- 
ceive that during the growth such plant net value 082- 
000, with ability supply 300000 people, that there can added 
deficit amounting $1764000, any sum approximating this 
amount, due the development the business incidental the addi- 
tions made from time time. 

already stated, believes that method will satisfactory 
that does not produce results which are fair agreement with what 
actually happens the operation and construction works. The 
assumption that large city, say one having population from 
100 000 1000000, without water supply and that new supply 
introduced, one which has parallel actual practice, 
and the results based this assumption differ greatly from those 
actual experience works which have been developed supply 
these large cities, the results for such populations are unsatisfactory. 

The writer has already stated that, addition the expense 
developing the business, there are other expenses and risks actual 
practice for which the owner service property should 
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compensated, and which not appear the ordinary reproduction 
value. This view may best explained giving some instances. 

one were value the Bridge after has been 
completed and successfully tested, would not think proper 
ascertain the cost the bridge which failed and add that 
the successful bridge, but, the writer’s opinion, would proper 
add the cost the successful bridge sum representing the 
value the risk incurred building work such unusual magni- 
tude. other words, believes that the company which now 
building this bridge could know advance exactly what would 
cost for construction, engineering, interest during construction, and 
all other items expense, would willingly pay considerably 
larger sum for the bridge constructed and successfully tested and 
assured stability. 

Take another instance, such the building large earth dam 
having height 100 ft. more. Such dams are frequently built 
first constructing tunnel through adjoining hill, laying 
pipe conduit through the dam, take care the flow the stream 
during construction. The capacity such conduits generally too 
limited carry the discharge large floods. Dependence, therefore, 
placed building the base the dam during the dry season and 
utilizing the storage assist the conduit taking care the 
floods. such construction, however, there risk that excep- 
tional flood may come, after the work well advanced, and destroy it. 
the other hand, all may well until the completion the work, 
which case the dam, the writer’s opinion, worth more than 
the cost construction, the value the risk incurred connec- 
tion with its construction. 

one case where the writer was engaged with others the 
valuation masonry dam 222 ft. high, was originally planned 
build rock-fill dam, and its construction proceeded until had 
been built ft. above the level the stream, when exceptional 
flood removed the whole the rock-fill single night. 

The rock-fill dam necessarily did not the schedule 
property valued, but, had been completed and proved successful, 
would have been worth more than its cost account the risk 
incurred its construction. 

Accounts are frequently seen engineering papers, are the 
results personal observation, where dams and other structures 
have failed stand the test use, incidents connected 
with the construction works have caused expense far beyond 
what provided for under the head contingencies. 

few instances, the writer will cite the slip the Necaxa 
Dam, the encountering bad ground the Loetschberg Tunnel, 
Switzerland, which required the abandoning about mile the 
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tunnel and the diversion the line through another portion the 
mountain, and the change plan the new Croton Dam the 
City New York, which involved expense more than 000 000 
for construction and interest, which would not appear the repro- 
duction value that property. 

These examples might extended many directions, show 
that service corporations and cities, without negligence 
their part, may expend large sums for works which fail otherwise 
are unsuccessful, and for which they will not receive credit the 
reproduction value determined the usual way. 

may questioned some whether failures and unsuccessful 
works are not covered the allowance for contingencies, which 
generally included the reproduction value the physical property 
and must included any preliminary estimate the cost 
work done, the engineer intends have his estimate agree 
with the probable cost the completed work. There doubt that 
sufficient allowance for contingencies would cover also the risk 
failures and non-success, but the writer does not believe that 
the custom engineers make sufficient allowance for this pur- 
pose works hazardous nature. 

would not fair the public charge the value the works 
the amount money lost some great disaster, but the other 
hand, not fair the service corporation constructing 
hazardous works charge only the cost reproducing such works, 
without adding such cost the value the risk which they have 
incurred. This value the writer would include “development 
expense” and, consequently, part the “going concern value.” 

the early years any large plant, defects design apparatus 
are frequently discovered, and are made good considerable ex- 
pense. Temporary works are frequently installed, and are given 
soon the permanent works are completed. All such items expense 
not appear the reproduction value the physical property, 
and, unless otherwise provided for, should included part the 
“development expense.” 
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tion dam which cannot carried away the force flood-waters, 
although the cost will usually greater than when there rock 
foundation. 

The design must such that parts the dam cannot separated 
from the main part any force water which will come against it. 
The whole structure must heavy, and broad that cannot 
moved bodily down stream, overturned. must very flexible 
throughout, that when the water cuts the sand gravel out from 
under it, the dam will bend and stretch, and sink into the cavity with- 
out breaking, and the material which goes into the cavity must then 
replaced with the same kind material top the dam; and 
this must repeated until the force the water can dig deeper. 

the banks the stream are also composed material which 
can eroded, the structure must carried far enough back and over 
the bank, and made sufficient vertical thickness enable drop 
flexibly and fill any cavity which may cut out under it. 


* This discussion (of the paper by Arnold C. Koenig, Assoc. M. Am. Soc. C. E., published 
Proceedings for January, 1911, and presented the meeting March 15th, 1911). 
printed Proceedings order that the views expressed may brought before all mem- 
bers for further discussion. 
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There limit the depth which the force the water can 
undermine and sink structure this kind, and, when that limit has 
been reached, the top part the dam, that part which exposed 
the air, can finished concrete. 

Sheet-piling may necessary; but there must piling under 
attached the dam, which will prevent from sinking. 

The writer has built number dams this plan, where the 
sand was too deep for rock other secure foundation reached, 
and they have not been carried away. constructed the two dams 
the Atchafalaya River Simmesport, La., the type being conceived 
and designed him, above described. They were completed 
1890, and are still good condition. 

Under these dams there was stratum fine sand ft. thick, and 
extended for miles each side the river. The depth the river 
low water was about ft., and the dams the center were de- 
pressed ft. below low water. During floods the river rises ft. 
above the dams, and the velocity the water directly over them 
then more than ft. per sec., and the discharge nearly cu. ft. 
per sec. 

the writer’s opinion that permanent dams this plan can 
constructed across any alluvial stream, such the Missouri, Missis- 
sippi, the Colorado, with its bed very fine silt. The water may 


dig ft. more depth before gives the fight destroy the 
dam. 


ALEXANDER Assoc. Am. Soc. (by letter).—By the 
census recently published, many cities the Western States show 
increases from 300 500% the last decade, and many 
cases there nothing prevent their continued growth. This 
condition abnormal growth also exists the Canadian North- 
west. meet the increasing municipal and commercial needs these 
cities, becoming necessary harness the rivers and streams, but 
many them impossible, and others impracticable, for 
economic reasons, found the necessary structures rock. This 
paper, therefore, timely, and hoped that those who have 
had experience founding large structures this type what are 
considered unstable foundations, will relate the results their 
experience. 

many these Western rivers becomes necessary construct 
dams which not extend across the full width the permanent valley. 
The alluvial deposits often form natural dam for the greater part 
the total width the original valley, and the rate percolation 
through this natural dam becomes important feature the economy 
the design. such cases the determination the rate percola- 
tion, therefore, also important. 

will conceded that the main problem prevent even the 


q | | 
Mr. 
Price. 
| 
Mr. 


1 


Papers. DISCUSSION DAMS SAND FOUNDATIONS 533 


slightest movement the material which the dam founded, and 
pleasing note that the author’s experience with quicksand 
foundation warrants his conclusion that has lost the terrors that 
ordinarily arouses. 

The writer was recently face the problem designing 
dam under just such conditions are referred the author, and 
was impressed the lack precedent and information concern- 
ing such important branch engineering. Therefore, voices 
the hope the author that this paper will bring out full and free 
discussion from those who have experience the construction 
dams which have not been founded solid material. 

For the depth penetration sheet-piling the author suggests 
general rule which presupposes the ability procure continuous 
line water-tight sheet-piling the depth mentions. For high 
dams, wooden sheet-piling out the question, because the inabil- 
ity drive when the dam founded material requiring great 
depth penetration. Even with dams less height, the difficulty 
securing continuous line tight sheet-piling great, and the cases 
record where continuous and tight sheet-piling has been driven 
depth ft. more, are few. 

The use steel sheet-piling for cut-off wall reservoir may 
open criticism because the possibility and probability 
abrasion the protective coating the steel the process driv- 
ing. The extent the deterioration the steel when used for such 
construction great importance, and the writer has found 
cult any reliable evidence the lasting qualities steel 
when used under somewhat similar conditions. Contributions from 
engineers having experience with steel sheet-piling, under conditions 
which could taken precedent for steel cut-off wall, should form 
very valuable feature the discussion this paper. 

The writer’s attention has recently been called process con- 
structing continuous concrete cut-off wall any depth first driv- 
ing square timbers which are fastened steel channels. The timbers 
between the channels are removed one time, the channels being 
left place for forms, and the space between them filled with con- 
crete. When the concrete has set, the steel channels are removed. The 
writer trusts that some one familiar with this method will describe it. 

The author’s remarks the percolation water through sand and 
their application show one the principal causes failure 
sheet-piling dams are very interesting. Attention might called 
another failure such structures not founded rock, and 
one which has not received the study merits. structure 
this type any considerable magnitude, impossible prevent 
unequal settlement. Such settlement due principally the 
non-homogeneity the compressible foundation; sometimes, 
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poorly designed structure, due the excessive foundation pres- 
sures developed various points. should made for 
unequal settlement such structure, often sufficient 
rupture completely one more points. These settlement cracks, 
often considerable magnitude, are very serious when they develop 
the lower part the dam. small stream water begins per- 
colate through the crack, and its undermine the founda- 
tion gradually removing the fine material. This undermining and 
settlement once begun, progressive, and the ultimate failure the 
structure only question time. 

Settlement joints—or, they are sometimes erroneously called, 
“expansion extend entirely through the structure, and 
permit liberal movement any direction the joint. There 
appears reason why these joints cannot made permanently 
water-tight with either lead copper plates. The distance between 
such joints present open question, but should not exceed 
200 ft. 

Unequal settlement and percolation under dam prevented 
very great extent increasing the width the base, within rea- 
sonable limits economy. The width the base adds the stability 
far more than any other single factor. 

Attention also the fact that the author has not brought 
out with sufficient force the necessity relieving, system 
drains, the pressure constantly developing under the floor 
the dam. The necessity relieving this pressure much possi- 
ble great, for the comparatively narrow, solid, gravity section, 
for the hollow, reinforced concrete dam, not greater. 

inability raise funds for permanent dam, dam sand founda- 
tions may quite justified, provided not made too high. There 
doubt that sheet-piling would greatly retard the flow water 
under dam, but would very dangerous assume that the 
results this retarding could determined definitely calculation, 
for, the author very properly says, the failures are more often 
“on account carelessness driving and faulty alignment than from 
insufficient depth penetration.” This carelessness unintentionally 
poor work, however, always likely Cases are well known 
where piles, driven with considerable care, have afterward been found 
have been telescoped badly bushed, without having gone down 
the proper depth deep supposed. Many have seen wooden sheet- 
piling, driven with the utmost care, with tongued and grooved 
similar joints, which appeared perfect alignment the sur- 
face, and yet the piles have been forced apart below ground. the 
Brooklyn Navy Yard some steel sheet-piling had been, apparently, per- 
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fectly driven, the tops showing true alignment, but the bottoms 
were twisted, bent, and coiled all imaginable shapes; and yet the 
piling consisted and 10-in. channels separated 6-in. timbers and 
firmly bolted together. would difficult get stronger sheet- 
piling. 

For these reasons, the speaker would not like rely driving 
sheet-piling such depth ft., suggested the author; 
for, the conditions were such that one could sure driving 
such depths, the ground would soft unsafe. 
impossible ascertain the condition driven piling, one must 
take good deal for granted. The speaker does not, any means, 
wish infer that would not recommend sheet-piling retard the 
flow; simply wishes utter warning against placing too much 
reliance such protection. 

The sections, shown the author—Figs. and 4—for concrete 
dams sand earth foundation, would sure develop bad 
fact, the speaker does not consider such masonry dams 
all appropriate for sand loam foundation, the foundation 
more less yielding, while the structure above naturally unyielding, 


until collapse. would seem that earth dam with core-wall would 
much more appropriate. The sheeting could driven under 
near the core-wall. 


sand foundations are now quite generally thought necessary 
engineering projects those rock bottoms. The examples such 
structures now successful use show wide variation and also great 
ingenuity their design. There have been failures such dams, 
usually due unprecedented floods for which the dams were not 
designed, the lack engineering direction their design 
their construction, the slow deterioration some portion the 
structures without attention their up-keep. Any these causes 
may equally disastrous dams bed-rock. 

preliminary the discussion dams sand beds, the laws 
flow through saturated pervious deposits should understood. The 
following remarks have reference those cases which impracti- 
cable shut off the underflow water curtain-wall extending 
impervious stratum. 

The resistance seepage flow that due water friction, both 
internal and surface, and depends therefore the character the 
medium and, lesser extent, the viscosity the water. Capillary 
attraction does not exist force saturated deposits. has been 
shown investigators that the velocity seepage flow function 
the porosity the material, the “effective size” grains, the 
hydraulic gradient, and the temperature, each important 
degree. 
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The “effective size” sand was defined Hazen that size, 
than which 90% weight the material coarser and 10% finer, 
definition based experiments with Massachusetts deposits. The 
resulting formula coefticients, however, are not wide application, 
and have been shown much error when applied river sands 
the Rocky Mountains. Grading sands with King’s aspirator 
more rational method, but this case, also, the coefficient the flow 
formula and the graduation table are dependent the sand used 
the rating. satisfactory basis has yet been found for classifying 
sands and gravels. The effects the sharpness roundness grain, 
the various crystalline constituents (for example, mica), and 
especially the peculiar stratification sand situ due its sorting 
running water, seem quite incapable mathematical expression. 
Therefore the formulas for seepage flow are useful for deducing 
comparative results region, rather than for obtaining absolute 
values. recent article the technical press, describing the con- 
struction weirs sand foundations India, proposes empirical 
formulas for general use designing such structures. possible 
that the formulas should much modified for use America, 
rather, each section America. 

noted that the velocity true seepage flow varies 
approximately the first power the pressure head, the 
gradient, and hence the ordinary formula for free flow, 


v= V 2gh, 


inapplicable this With very coarse sorted materials, 
the flow not exactly seepage, but partly free flow. 

The flow through river sands situ greater interest than that 
flow through screened media. Much experimental knowledge the 
former has been obtained Professor Slichter, who devised 
electrolyte method measuring the rate movement ground- 
water, and has investigations many localities, from Long 
Island California. His results are available the Water Supply 
Papers the Geological Survey. The average velocity under- 
flow the Arkansas River sand was found Slichter 7.4 ft. 
per hours, while the maximum value obtained was 22.9 ft. The 
latter value equivalent velocity about in. per sec. with 
gradient 1:10. The writer found maximum velocities 
underflow more than 400 ft. per day Arizona stream with 
gradient ft. per mile. Before designing dam weir 
sand foundation, where the perviousness the sand unknown, this 
factor should determined direct measurements. 

The effects seepage flow beneath structure are two kinds: 
first, the grains the material may moved, particularly the 
toe the apron, where point maximum seepage velocity exists; 
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second, the distribution and amount upward pressure the struc- 
ture modified the seepage, and may the primary cause 
failure, especially there wide apron. The first effect depends 
the velocity the seepage and the size the grains sand, and 
may made inactive lengthening the path the overflow. The 
danger reduced placing rip-rap boulders the toe, the 
smallest ones the bottom, the largest ones top. The second effect 
dependent the design the foundation and base the structure. 

his treatment sheet-piling, the author has endeavored estab- 
lish relationship between the depth penetration and the head 
water behind the dam. would seem, however, that the piling should 


SEEPAGE FLOW BENEATH DAM 
OTHER STRUCTURE PERVIOUS BED. 


ABC REPRESENTS AN ELEMENT OF FLOW, 
THE CURTAIN-WALL IS PROPERLY AT (NEAR) THE HEEL. 
THE HYDRAULIC GRADIENT 1S ASSUMED TO BE A STRAIGHT LINE, 


Fig. 


not considered independent feature the design. same 
result attained long base with even piling all, 
short base with piling, and the choice the final design largely 
economic one. the Laguna Dam very short piling was used, and 
its effect “discouraging” the underflow water not great. 
that rock filling was obtained cheaply, and the wide base was 
adopted. 

illustrate the effect curtain-wall the stability 
structure, and show the general dependence the problem the 
law seepage flow, the following approximate analysis made. 
Fig. the ratios base, head, and depth penetration are retained 
Fig. but the figure simplified for the purpose analysis. 
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Let maximum head water between heel and toe dam, 

usually low water; 

1.6H) depth penetration; 

1.5d) length base; 

head lost the right the curtain-wall; 

“ “ “ “ left “ “ 

constant, depending the character the sand; 

quantity seepage flow per unit time. 

Let ABC differential élement flow. The assumptions 
the length the element and its triangular shape are approximate, 
and introduce errors, which, however, tend balance each other. The 
sand assumed uniform character. 

The formula for seepage flow may written thus: 

which the cross-sectional area. the differential triangle, 
the up-stream side, the average cross-section 


Then 


dq - 


Similarly, the down-stream side 
» 
dx. 


Whence 


Therefore, about one-third the head, lost, neutralized, 
the up-stream side the piling. The upward pressure the heel 
the dam not measured the pressure the point the piling. 
There further loss head the flow upward, and evidently 
may taken two-fifths that the upward pressure the 
heel equal three-fifths and hence equals This heel 
pressure shown Fig. the ordinate used determine the 
gradient. The upward pressure decreases from the heel 
small value the toe. The gradient subject correction dependent 
the depth the base below the river bed. 
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stated above, this demonstration illustrative merely, but 
exhibits the principle that the problem involves all the lines flow. 
consider only that line flow which follows along the piling and the 
base the dam erroneous. 

Without the curtain-wall, the hydraulic gradient would the higher 
line shown Fig. allowance being made for losses entrance and 
exit. Therefore the effect the curtain-wall, for the given ratio 
base depth penetration, reduce the upward pressure the 
structure about one-half. The velocity flow will also diminished 
about one-half the curtain-wall, inasmuch the minimum length 
the flow line increased from 1.5d 2.8d. 


STUDY THE AMOUNT AND 
DISTRISUTION PRESSURE BOTH SIDES 
CURTAIN-WALL AND THE BASE 


DAM OTHER STRUCTURE PERVIOUS BED. 
BASE DAM =1.5 DEPTH CURTAIN-WALL. 


The effect another line sheet-piling placed near the toe the 
structure would reduce the velocity the underflow, but 
the upward pressure. Sheet-piling most effective when 
concentrated near the heel, and piling which water-tight should 
not used under the toe beneath the apron. the 
detached line piling and curb, proposed the author 
and shown Figs. and would the effect increase the 
upward seepage flow between the curb and the toe the dam, and 
thus element weakness rather than safety? some the 
rivers the West—the Gila, for example—detached piling that 
character apt disappear during high floods. 
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the writer’s suggestion, Professor the mathe- 
matics department, University Wisconsin, has undertaken the 
rigorous solution the problem underflow beneath dam. 
involves the use pressure function which determined satisfy 
Laplace’s equation, with the imposed boundary conditions. The case 
entirely analogous problems the flow heat. 

The results Professor Wolff’s analysis, applied the structure 
discussed above, are shown Fig. The flow boundary down the 
face the piling, the back, and along the base the dam. The 
head considered divided into ten equal parts, and the losses 

VARIATION UPWARD PRESSURE WITH CHANGE 
DEPTH PILING. 
s 0,6 
fy 05 Lt xy, 
+4 4 oF 
Von, am | 
{ath 
Ratio Depth Piling Baso Dam. 
the parts are indicated the ten divisions along the 
boundary. The hydraulic, pressure, gradient then plotted the 
lines, ab, b’c, and assumed ft., then each ordinate 
shorter than the previous ordinate ft. The upward pressure 
the dam varies from 0.36H the heel pressure directly the 
toe; but, short distance back from the toe, the pressure the 
apron considerable. The average upward pressure the base 
0.27H. Relatively high velocities seepage flow occur the point 


the piling and the toe the dam, indicated the slope the 
hydraulic gradient. 
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The line, d’d, represents the hydraulic gradient when there Mr. 
curtain-wall beneath the dam. The line plotted from thirty-five 
computed points. sine, ogee, curve, and the maximum veloci- 
ties occur the heel and the toe. The average upward pressure 


0.5H. one-tenth the base length from the toe the pressure 0.21H. 
applying the same method analysis series cases, 
which the depth penetration taken various percentages the 
base, the curves Fig. are obtained. The curves show how the 
average upward pressure and the upward pressure the heel the 


dam decrease the depth the piling increases. apparent 
that the benefit derived from the piling decreases with the depth— 
example the principle diminishing returns. 

appears, also, that the uplift the apron much greater than 
ordinarily assumed. Aprons which are very thin section are 
common. Much thought must given the design the apron and 
the overfall face. 

The entire problem dams and weirs sandy river beds one 
unusual difficulty, and complicated uncertain factors such 
the effects impact and cross-currents, and the extremely variable 
velocity seepage different sands. Doubtless our knowledge con- 


cerning such structures will greatly increased the future, their 
number increases. 


ALLEN Hazen, Am. Soc. (by investigation _Mr. 
the stability dams built sands and gravels most com- 
mendable undertaking, and likely lead success many cases. 

reaching success, adequate knowledge the laws the flow 
water through and gravels fundamental importance, and 
the writer regrets see such calculations discarded the author. 

The results the Massachusetts State Board Health 
were the work the writer, about twenty years ago, the Lawrence 
Experiment Station.* 

These results have been quoted many times, but doing this their 
form has been sometimes changed, new assumptions have been intro- 
duced, and limitations originally made have been omitted, that, 
using them the present time, the only safe way refer the 
original publication. 

There reason why through gravels should follow the 
formula given for sand, the author seems suppose. the 
original publication was clearly stated that this was not the case, 
appears from the following quotations: 


“The frictional resistance sand water within certain limits 
size grain and rate flow varies directly the rate and the 
depth sand. This given Piefke Darcy’s law. have found 
that the friction also varies with the temperature, being twice great 
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the feezing point summer heat both for coarse and fine sands, 
and also that with different sands the resistance varies inversely the 
square the effective size the sand grain.” 


The formula was then given for the flow water sands with 
effective sizes between 0.1 and 3.0 mm. was then stated: 


“For gravels with effective sizes above millimeters the friction 
varies such way make the application general formula 
very difficult. the size increases beyond this point, the velocity with 
given head does not increase*as rapidly the square the effective 
size; and with coarse gravels the velocity varies the square root 
the head instead directly with the head sands. The influence 
temperature also becomes less marked with the coarse gravels.” 


The table was therefore prepared experimental results 
for gravels, not covered the sand formula. also noted 
that the original publication results were uniformly expressed 
terms meters daily solid column water the same area 
that the sand. quoting the results the present case the terms 
the statement have been changed assuming 40% voids and 
multiplying the figures 2.5, besides otherwise changing the units 
the formula. 

The Lawrence formula may relied this time, not alone 
principally because the relatively limited experience which was 
originally based, but because has been widely applied since that time, 
and when properly applied has proved reliable. 

certainly does not discredit the formula that the coefficient varies 
with the character and cleanliness the sand, and even certain 
extent with the “uniformity which measure the 
relative range size particles the same sample. well known 
that there range the coefficients used computing the 
flow water through pipes, but the fact that higher coefficient 
used for clean and smooth pipe than for old and dirty one 
reason for discarding the formula. the flow water through the 
much more complex passageways between the grains sand there 
will obviously variations the coefficient, depending the shape 
and smoothness the particles, the way which they are packed, and 
the quantity finer foreign material also contained those pores. 
matter fact, the variation the original formula, 


V=cd? (.70 .03 


not especially great. The coefficient rarely falls below 400, even 
for old and dirty sand, and rarely rises above 200, and, majority 
ordinary sands, falls between 700 and 1000. This certainly not 
wide range. 

noted that the formula was never intended apply 
clays, hardpans, soils, and other materials. The effort apply 
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such materials not encouraged, and the results are not 
depended on. 

The procedure sifting sample the sand through rated sieves, 
plotting the results, and determining the effective size and the uni- 
formity coefficient, very definite one, and comparatively simple. 
Nevertheless, erroneous results have frequently been reached, failure 
observe the fundamental requirements. 

may not amiss this time define the procedure some 
the matters regarding which errors have been made most frequently. 

The effective size that size such that 10% weight the 
particles are smaller than it. The decision use 10% was reached 
study experimental results with various sands the Lawrence 
Experiment Station. was found that the 10% line was distinctly 
better basis for arranging the experimental results than either the 
line the 12% line, and therefore was selected. The data 
which this decision was reached were good, although not numerous; 
subsequent experience, with greater variety sands, has not shown 
reason for reconsidering the decision first reached. 

The diameter sand grain defined that sphere equal 
volume. This must rigorously insisted on. Taking the diameter 
grains equal the measured mesh sieve some such arbitary 
basis invariably leads errors which may large. 

The method rating the sieves described the original publica- 
tion was simple and sufficient. consisted shaking sieves with 
sample representative material precisely the ordinary course 
analysis, then taking the sieves apart, giving each sieve separately 
slight further amount shaking, when the particles passing are all 
nearly the same size, which size larger than nearly all the particles 
that have passed and smaller than nearly all the particles that 
remain the sieve. Some the particles resulting from this further 
shaking are weighed and counted, and the average diameter calcu- 
lated from the average weight; the size thus found the size separa- 
tion the sieve. This process repeated several times, with repre- 
sentative sands different types, and the average taken. The shaking 
not continued until more particles will pass, often stated, 
but only until the bulk that sand that will pass that sieve with 
reasonable amount shaking has passed, as, for example, the point 
where doubling the number shakes will not make considerable 
difference. There are always some holes larger than the average, and 
shaking were continued until more would pass, the 
process would very slow one, and the result would bring the 
size separation the size the largest holes. 

The sieves must regularly woven wire cloth, and must 
carefully rated. has not been found possible buy ready-made 
sieves which can relied without rating. 
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The process mechanical sand analysis, basis for estimating 
the flow water sands and gravels, emphatically not one that 
can taken spare hour, way yield reliable results; 
but, careful manipulator, following perfectly simple procedure, 
may reach results which are trustworthy, not precise, and which, 
the words the original publication, enable him to: 


decide with confidence many otherwise indefinite points, 
and thus avoid unnecessary expense and unsatisfactory results from 
the use unsuitable poorly arranged materials.” 


illustration the practical use this formula, take the 
the filter construction now under way Toronto, Ont. large 
permanent plant being built sand island, cut channels, with 
foundation some feet below lake level. was proposed dig 
drainage canal entirely around the site and pump the water out it, 
thereby draining the whole site. Calculation made August, 1908, 
assumed this drainage canal 3500 ft. long, and that the depth 
material under the canal carrying water would ft., making 
total area acres through which the water would flow. The sand 
was assumed have average effective size 0.25 mm. and was 
taken 800. was assumed that the average distance from the canal 
the water outside would 200 ft., and that the water the canal 
would ft. below lake level, resulting ground-water slope 
the canal 0.025. temperature 50° water would pass, the 
formula, the rate 1.25 per day, 1110000 Imp. gal. per 
acre daily, and for the acres assumed cross-section flow the 
total quantity water would 4440000 Imp. gal. per day. The 
writer does not think that any the practical men who looked the 
site before was drained believed that the removal small 
quantity water would suffice. matter fact, the actual 
quantity water pumped has never exceeded the computed quantity, 
and has ordinarily been only one-half one-third much, owing 
part the fact that the sand proved finer than was assumed 
(actually about 0.21 mm. average), and that the average distance 
from the canal open water was greater hydraulic slope less 
steep than assumed. 

The use the formula this case allowed the installation suit- 
able equipment the start, avoided false moves, and allowed the 
structures built economically site which, the absence 
such might have been assumed unsuitable because 
the difficulty handling the water the sand. 


interest the writer, and though some the argument seems 
faulty, the paper should value direct proportion the amount 
discussion brings out. 


The writer has built some twenty dams soft bottoms, about 
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half them being sand. number the earlier dams met with 
accidents, and each failure taught lesson. Mr. Koenig’s statement 
that textbooks emphatically discourage the construction dams 
sand bottoms quite inaccurate, not single textbook recalled 
that does this. “Hydro-Electric Plants,” the writer, devotes con- 
siderable space the subject. The high cost such dams, when 
properly built, may amount “emphatic discouragement” many, 
for true that for sand bottoms the cost foundations much 
the largest portion the total cost. The engineer usually com- 
pelled dispense with precautions which may think quite necessary 
for the safety the dam, order reduce the cost some figure 
guessed the owner obtained from source unknown even 
himself. 

the writer’s experience, the failures above mentioned have 
every case been due inadequate aprons extension mats. The 
ideal dam for sand bottoms one consisting three essential parts: 
(1) the up-stream edge there must water-tight row steel 
sheet-piling, driven proper depth, and fastened the edge the 
dam water-tight manner. (2) The dam, proper, must 
permanent and water-tight materials, and such section that the 
pressures are uniformly distributed over the entire base. (3) Extend- 
ing along the down-stream side the dam, some means must pro- 
vided conduct the water which passes over the dam’s crest such 
manner that serious vibrations will set up, vacuums, and 
that the undermining the 
dam will prevented. 

Fig.8 shows diagrammatically 
the ideal dam, the rectangle, 
merely represents the 
uniformly distributed, effective 
weight acting the sand bot- 
tom and tending resist the 
tipping and sliding the 
structure. 

The writer knows only two types dam which give the same 
pressure every square foot the foundation—the gravity dam 
with apron, and the reversed dam. 

Fig. Mr. Koenig shows gravity dam, and ealls 
Ambursen dam. The gravity dam was patented the writer’s father, 
Beardsley, many years before the Ambursen Company went into 
the dam business. was described him pamphlet entitled 
“The Gravity Dam,” published 1895. Mr. Beardsley not only 
explained the entire theory such dams, but gave the dam its 
name. The reversed dam new type, lately invented the writer.* 


Described Engineering Record, November 26th, 1910; and 
ing, February Ist, 1911. 
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these dams gives the desired distribution pressure. 
All other dams have excessive pressure the down-stream edge, 
which, sand bottoms, course, disadvantage, such foundations 
having questionable safe bearing value. Excessive pressures are 
especially avoided where there the slightest danger under- 
mining. 

According the writer’s experience, ideal dam for the most 
treacherous bottoms the reversed dam, shown Fig. 9.. This uses 
the gravity principle, but, instead carrying the water load the 
deck, much larger (two three times larger) water load 
the base. The dam, shown, filled above with sand, although 
for the usual soft bottom this would not required. Such filling will 
give the maximum degree safety, regards tipping, sliding, and 
seepage. The apron the dam also provided with unusual 


Steel Piling 


upward curve aid killing the velocity the water leaving 
the dam. the case high dams, the lower portion the apron 
would covered with metal. The effect such apron should 
similar that the deflector used for breaking the discharge 
from high-head impulse wheels. The water falling from this 
would strike the top the cribbing, and escape, partly over the 
top and partly between the down-stream timbers, thus spreading the 
current and preventing the swirl which has proved fatal most sand 
bottom dams. the finest western sand will eroded velocity 
set water passing ft. deep over comparatively low dam will 
wash holes below the dam depth ft. more, the importance 
damping out all possible current will appreciated. crib mat 
shown ideal. This type has many advantages, may settle 
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without injury, comparatively cheap, and has sufficient depth 
distribute the escaping water. This mat must anchored securely 
chains bolts, that cannot settle away from the dam. 

Mr. Koenig’s paper too much importance has been given up- 
lift under the dam, due seepage. While every engineer should know 
that, unless such up-lift eliminated, failure quite sure follow, 
yet the elimination such pressure easily and surely accom- 
plished that not necessary know how calculate its intensity 
when allowed exist. the bottom thousands filter beds 
large quantities water are collected through drains and conducted 
away from the beds without carrying away the sand. the same 
way, the very small seepage under steel sheet-piling can collected 
under the base the dam and conducted safely the water below. 

The writer questions the existence any considerable up-lift 
where only one row piling driven, and that along the up-stream 
edge, even though there resort drainage; least, has 
never observed pressure more than per sq. in. under such 
conditions, even when wood piling was used. all such river beds 
there constant underground flow, and part the seepage under 
the piling will not come the surface all, but will continue 
down the stream ground-water. However, drainage costs little 
that should installed every case. 

the writer’s opinion, the dam shown Mr. Koenig Fig. 
sure fail unless the down-stream toe well reinforced that 
cannot break. Two dams, built like that shown, failed. The pressures 
are very high the toe—the point where the slope the apron inter- 
sects the base—and, indicated Fig. this point will become the 
tipping edge, unless transfers the fulerum the down- 
stream edge the mat. would necessary have the top edge 
the mat, the down-stream edge, sufficient depth reduce 
the velocity the water escaping from the pocket about ft. 
per sec., otherwise the back-wash would undermine the mat (if 
shown that cut) short time. 

Next undermining below the dam, the danger, the writer 
thinks, that due the horizontal down-stream thrust causing the 
entire dam slide the bed sand. 

Fig. illustrates the very unstable condition dam resting 
bed sand and with deep hole washed out below it. this 
the tendency for the dam, and the entire mass of. sand, 
slide down stream under the pressure represented the 
may assumed about 0.20 0.25, and the weight materials 
must the assumption that practically the entire 
structure and foundation submerged and therefore has lost weight 
62.5 lb. per cu. ft. 


Mr. 
Beardsley. 


j 
| 
if 
i 


Mr. 
Beardsley. 


548 DISCUSSION DAMS SAND FOUNDATIONS [Papers. 


There also the angle repose the sand, which 
enters into the problem. This angle may small for gumbo, 
from 10° 15° for western sand. will also noted that the 
water anything but calm along the surface and that, many 
dams, the overfalling water sets rhythmic vibration similar 
pressure waves long penstock, and thus greatly reduces the co- 
efficient friction and the angle repose. 

the general proportions: The writer has never known the 
water breaking under gravity dam mat from the up-stream side 
when row sheet-piling was driven along the up-stream edge. 
the three cases where the dam was completely washed out, posi- 
tively known that two were undermined the back-wash along the 
down-stream side, and the third was pushed out, explained con- 
nection with Fig. 10. The latter dam was the Elkhorn River, 
Nebraska, and the foundation consisted the finest sand mixed with 
silt. all cases the dams were provided with extension mat, from 
ft. long, and yet, number instances, the back-scouring 
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extended for distance from ft. back under the dam. Had 
the extension mat been built that could settle, these accidents 
could not have happened. Piling should not used for extension 
mats, and very seldom support the dam, such support takes the 
weight off the sand, and encourages concentration the seepage 
water. Wood sheet-piling should never used unless the soil free 
from large rock, and, all eases, piles should jetted down. 

Crib mats 10-in. timbers, filled with stone and sunk from 
ft. ordinary soil, cost about cents per cu. ft., and, for 
dam ft. high, would cost from $50 $60 per lin. ft. dam, 
considerably more than complete 20-ft. dam would cost built 
rock bottom. this cost must added that the sheet-piling. 
has been the writer’s custom use piling least ft. long, and 


from that length equal the height the dam. However, 


this practice has not been based tests actual knowledge what 
the proper depth should be. reference Fig. will noted 
that shorter piling would required for reversed dam than for any 
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other, the interior filled with soil indicated; for, this case, 

maximum length seepage path the top the piling secured 

without involving flat surface, which might tend cause the water 

follow from the top surface the fill down the surface the 

piling. Seepage will follow such surfaces for great distances, 

the case pipes laid through earth dams, ete. 


The greatest caution must observed keeping the foundation 
pressures well within safe limits. Thus, for sand bottoms mixed with 
more less silt, Ira Baker, Am. Soc. E., states that the 
bearing value practically zero. Such soil must excavated, and 
stratum must reached which will support with safety the maxi- 
mum pressures. reversed dam 100 ft. high has maximum founda- 


Height Dam, 


Steel Cement per foot Dam, thousands pounds. 


11. 


tion pressure 5000 per sq. ft., less, while the solid masonry 
dam, usually built, has pressures exceeding lb. per sq. ft. 
Many failures are caused inadequate foundations. Considerable 
time required make proper soundings, and the cost large 
item, hence, most dams are built guess. The surface the river 
bed taken fair sample the soil greater depths, while, 
matter fact, difficult find foundation which does not 
present much the best appearance the surface. 
The reversed dam the cheapest all permanent dams, and also 
the safest. Fig. indicates the great saving materials effected 
it, and gives the relative weight transported materials, steel 
cement, for various types. 
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MEMOIRS DECEASED MEMBERS 
will reproduced the volumes Transactions. Any information 


which will amplify the records here printed, correct any errors, should 
the Secretary prior the final publication. 


LEFFERT LEFFERTS BUCK, Am. Soe. E.* 


Diep 1909. 


Leffert Lefferts Buck, third son Lemuel and Elizabeth (Bald- 
ridge) Buck, was born February 5th, 1837, Canton, St. Lawrence 
Co., was descended from sturdy New England stock, his 
grandfather, some whose immediate family attained considerable 
prominence the Revolutionary War, having moved from Con- 
necticut early the 19th Century. 

boy, Mr. Buck evinced that keen ambition accomplish 
extraordinary results which after life strongly characterized him, 
and, his home and school duties, developed the ingenuity and man- 
ual efficiency, which ultimately became remarkable. then, 
always, eagerly sought opportunity cope with difficulties and 
excel feats mind, skill, strength. 

entered the first class the college which afterward became 
St. Lawrence University, but had hardly completed the college course 
when the Civil War broke out, and determined enter 
the Army. His father, who was close friend the Governor New 
York, wished secure commission for him, which could 
doubtless have done; but Mr. Buck, with that characteristic regard for 
fitness which applied himself even more rigidly than others, 
refused because his lack military training, and July, 
1861, enlisted private Company 60th New York In- 
fantry. This was one the most serious mistakes his life, for, 
despite his unwillingness accept the fact without test, possessed 
innate military ability that far outweighed his lack previous 
training, and would doubtless have attained high rank had entered 
the Army commissioned officer instead private. However, 
rose through the ranks Corporal, Sergeant, Lieutenant, and Captain, 
until mustered out the close the war with the brevet rank 
Major. participated some the most arduous campaigns the 
war, including the battles Antietam, Chancellorsville, Gettysburg, 
Lookout Mountain, Ringgold, Resaca, Kennesaw Mountain, Peachtree 
Creek, and Atlanta, and also Sherman’s March the Sea. 
the famous “Fight Above the Clouds” Lookout Mountain, was 
who finally the Union Flag to.the summit, after two color- 
bearers had been shot down under it. 

His indomitable will and contemptuous disregard for the restraining 
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power wounds and disease, were shown Antietam where, after 
being shot through both legs, kept afoot with his command for the 
rest the day, and only after night the cold ground and the hope- 
less stiffening his wounded legs made further walking impossible, 
could forced into the hospital. another time, when recovering 
from severe attack typhoid, and still hardly able walk, 
learned that important engagement was imminent. The surgeon 
refused release him from the hospital, and, aid securing obser- 
vance his orders, put his patient’s uniform out his reach. How- 
ever, Mr. Buck managed somehow get his sword, and his hospital 
clothes showed with his command. was again wounded 
Resaca. 

While Mr. Buck liked talk over events the war, rarely spoke 
those incidents wherein his personal participation was entitled 
distinction. always warmly esteemed and liked meet those who 
faced him the other side, and often expressed the wish that the 
soldiers the North and South might some day fight side side 
against common enemy. While deploring many the results war 
often said that thought war preferable too much peace, 
felt that too much peace bred indolence, selfishness, and avarice, 
while war developed the nobler traits men. 

While favoring intelligent and fair pension system, Mr. Buck 
always greatly deplored what considered tendency capitalize 
patriotism into indiscriminate distribution pensions for political 
purposes, and always refused consider pension for himself, al- 
though his wounds and health fully entitled him under the law. 

earnestly desired remain the regular Army the close 
the war, but decided not because lacked West Point 
training and was too old enter the Military Academy. Immediately 
being mustered out, entered the Rensselaer Polytechnic Institute 
Troy, Y., where took the four years’ course 
Civil Engineering three years, and was graduated 1868. 

For about three years after graduating, served Assistant 
Engineer the Croton Aqueduct Department New York City. 
then spent two years Peru, where erected the first Verrugas 
Viaduct the Lima and Oroya Railroad, and assisted other work 
construction that road. The first Verrugas Viaduct was destroyed 
flood some years later, and designed and planned the erection 
another, which still use, although most the bridges 
the same line have been replaced meet the growing demands 

his return from Peru, 1873, Mr. supervised the manu- 
facture the material for the bridge Louisiana, Mo., one the 
first large railroad bridges across the Mississippi River. 

1875 returned Peru for about two years charge bridge 
erection. 


| 
| 
| { 
al 
ti 
7 | 


552 MEMOIR LEFFERT LEFFERTS BUCK [Memoirs. 


1877 became connected with the Railroad Suspension Bridge 
Niagara Falls, which had been built 1850 the late John 
the bridge, which had been badly overstrained, and replaced large 
number cable wires which had become seriously corroded about the 
anchorage shoes. 

1880 replaced the wooden suspended superstructure with one 
steel, and 1885 replaced with steel towers the original stone 
towers, which were deteriorating under the combined influence 
frost and motion due moving loads. All this work removal was 
accomplished without interruption traffic, and was the most difficult, 
delicate, and daring piece bridgework ever undertaken. This state- 
ment made with full appreciation the many great accomplish- 
ments since that time, but also with appreciation the lack pre- 
cedent guide and the complete dependence his own ingenuity 
that faced the engineer that work. Several friends, whose opinions 
were entitled very serious consideration, urged him suspend travel 
while doing this work, but never once wavered his determination 
out the work had planned it. 

1881, the Norman Medal the American Society Civil 
Engineers was awarded him for his paper “The Reinforcement 
the Anchorage and Renewal the Suspended Superstructure 
the Niagara Railroad Suspension 

finally reconstructed, the Niagara Railway Suspension Bridge 
served until 1896, when was replaced the present massive, two- 
hinged, spandrel braced, steel arch, which was designed by, manu- 
factured, and erected under the direction Mr. Buck. This arch 
was erected the same center line the Suspension Bridge, and 
the latter was taken down without interruption traffic. 

Mr. Buck rebuilt the Niagara Falls and Clifton Bridge, highway 
suspension bridge just below the Falls, which was originally built 
Mr. James Keefer, 1850. 1897, order provide capacity 
for trolley cars well for the crowds visitors, the 
Niagara Falls and Clifton Suspension Bridge was the 
longest steel arch span the world, which was designed and 
constructed under the direction Mr. Buck. This work required 
during construction; however, order save 
time, expense, and risk, was suspended for few days when the 
arch was closed. 

For his paper this bridge, the Institution Civil Engineers 
awarded him the Telford Premium 1901. 

Mr. Buck was Consulting Engineer the Lewiston and Queens- 
ton Suspension Bridge across the Niagara River, built 1899. 
designed and constructed the Driving Park Avenue Bridge, and the 
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Platte Street Bridge, Rochester, The former was the first 
spandrel braced arch built the United States. also designed 
and erected number bridges the Northern Pacific Railroad 
during the extension that road the Coast. 

invitation the Government Engineers, made designs 
for the Connecticut Avenue Bridge and the Memorial Bridge across the 
Potomac Washington. 

His greatest work, least point magnitude, the Williams- 
burg Bridge across the East River between New York and Brooklyn. 
was Chief Engineer this bridge from the time its incep- 
tion 1895 until its completion 1903. After this was retained 
Consulting Engineer the Department Bridges connection 
with this and other bridges, until short time before his death, 
when resigned account failing health. 

For several years Peru and Ecuador the Inter- 
national Railway Commission, which planned series railroads 
connecting the United States with South America. 

June 4th, 1902, Mr. Buck married Miss Mira Rebecea Gould, 
Paducah, Ky., who survives him. 

Leffert Lefferts Buck will always stand forth one the heroic 
figures the history Engineering. was resourceful, self-reliant, 
bold and aggressive action, but little disposed force his ideas 
upon others was let others force their ideas upon him, 
him from his own. reached conclusions promptly and 
decisively, depended firmly his own judgment, and was often 
resentful divergent outside influences and opinions. brought 
into his work practical mechanical knowledge and 
purpose which, while they sometimes restricted his vision con- 
trolling necessities and ultimate broader aims, always placed his 
work the stamp originality and ability, often genius striding 
well ahead his time. 

His personal character was striking, and compelled admiration. 
him the Puritan strain was strongly 
rugged, uncompromising always, and often showing tenacity 
the face what others appeared overwhelmingly adverse proofs, 
there was his thoughts and actions simple, earnest honesty, and 
indomitable and unselfish love right saw it. Below his 
severe, sometimes forbidding, exterior, was loyalty, generosity, 
tenderness almost feminine. 

Few men have steered more course life, wavered less 
their estimates right and wrong, made less effort win 
friendship and applause; and yet few men have had greater number 
devoted and loyal friends, received more spontaneous and generous 
applause. 

Mr. Buck was Member the Institution Civil Engineers 
England, the Loyal Legion the United States, the Century Associa- 


| | 
: 
| 
‘ 
a 
bs 


554 MEMOIR FRANK LESLIE DAVIS 
tion, the Engineers Club New York, the Hamilton Club Brook- 
lyn, the Army and Navy Club, and the St. Lawrence County Society. 

was elected Member the American Society Civil 


Engineers February 3d, 1875, and served Director from 1892 
1894. 


FRANK LESLIE DAVIS, AM. E.* 
9TH, 1909. 


Frank Leslie Davis, son David and Louisa Davis, was 
born Wellsville, Ohio, December 2d, 1858, and was reared 
taught school Warren County, and 1884 was 
graduated from Simpson College. spent one school year 
taking special engineering work Kansas State University. 

Mr. Davis commenced his professional career with the Chicago, 
Rock Island and Pacific Railroad 1887, Wichita, Kans., where 
had charge forty miles new construction work. devoted 
the following ten years almost entirely railroad engineering, during 
which time was employed various capacities construction and 
work the Chicago, Rock Island and Pacific, the Southern 
Pacific, the Northern Pacific, and the Great Northern Railroads. 

1897-98 Mr. Davis was City Engineer Tacoma, Wash. 
1903-04 was Assistant Engineer the construction the Puget 
Sound Power Company’s plant near Tacoma. 1904 was again 
elected City Engineer Tacoma, and continued occupy this 
position until his death. 

October 14th, 1891, Mr. Davis was married, Knoxville, 
Miss Alice Seoles, daughter the Rev. with whom 
had become acquainted while Simpson College. 
daughter, Miss Leslie Davis, survive him. 

Mr. Davis was prominent member the Fraternity, hold- 
ing the 32d degree. was also Shriner, member the Patrol 

was man most exemplary habits, strong convictions, and 
aggressive initiative. engineer Mr. Davis contributed his 
full share the upbuilding the West, and, citizen, the 
welfare the community which spent his later years. The 
affectionate which was held his friends, business 
and fraternal associates, and his fellow-citizens generally, was most 
strikingly shown the wide manifestation sorrow and sympathy 
for his family the oceasion his death. 

Mr. Davis was elected Member the American Society Civil 


Mrs. Davis and 


{ 

Engineers September 6th, 1905. 
Memoir prepared Arthur Adams, Am. Soc. 
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JOSEPH PALMER FRIZELL, Am. Soe. E.* 
Diep May 1910. 


Joseph Palmer Frizell was born Barford, Quebec, Canada, 
March 13th, 1832. His parents, Oliver and Mary Beach Frizell, were 
natives Vermont and belonged good New England stock. 
early education was received Brownington, Vt., and Richmond, 
Canada. His teachers, discovering his aptitude mathematics, taught 
him algebra and geometry, advising that fit himself for Civil 
Engineering. 

the age eighteen Mr. Frizell went Manchester, 
where was employed cotton mill until 1854, when entered 
the City Engineer’s office assistant. devoted all his leisure 
time, both day and evening, the study his profession, and 
remained with the City Engineer until the close 1856. 

1857 entered the office the Locks and Canals Company, 
controlling the water power the Merrimac River Lowell, Mass., 
under the charge the late James Francis, Past-President, Am. 
E., the eminent hydraulic engineer. Mr. Frizell was Assistant 
Engineer until 1861, when left account the Civil War. 
returned this work 1866, and remained until 1867. While the 
Locks and Canals office assisted Mr. Francis the preparation 
his treatise entitled “Lowell Hydraulic Experiments.” the preface 
the edition 1868, the author acknowledges his obligation 
various persons, and also “to Mr. Joseph Frizell, now Davenport, 
Towa, whom indebted for assistance some points involving 
the higher 

1861, the breaking out the Civil War, entered the 
United States Government Service Assistant Civil Engineer, and 
was engaged until 1865 the construction Government fortifica- 
tions along the Gulf Coast. was stationed Ship Island for 
years, and Davenport, Iowa, for years. 

1870 Mr. Frizell opened office for general consulting practice 
Boston, where remained until 1878. made many 
investigations, including reports the Minneapolis water-power 
1875, and damages from diversions the Charles River, Waltham, 
and the Neponset River and Mother Brook. 1878 went West 
Assistant Civil Engineer the Engineering Department, 
and was engaged various investigations, among which 
were the construction reservoirs the head-waters the Mississippi 
River, investigations the Falls St. Anthony, and other similar 
matters. 1881 served the Water Commission St. Paul, 
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reporting the water supply. During his work throughout the West, 
the Engineering Department, the letters received him from 
various army officers showed the high esteem which was held. 

1890-92 Mr. Frizell was Chief Engineer the Board Public 
Works Austin, Tex., during which time made design for, and 
commenced the construction of, the Austin Dam. account 
various restrictions the Board Public Works, resigned this 
position June, 1892, after which the dam was completed upon 
somewhat modified plan. The general history this work stated 
engineering publications. 

1893 resumed his Boston office and practised until 1903, 
when retired from active business. During this last period 
Boston Mr. Frizell was connected with various water-diversion cases 
the Nashua River due the taking the Metropolitan Water 
Board. 

1878 obtained patents for compressing air hydraulic 
methods, using inverted siphons and air chambers, and also for 
pumping water the use compressed air, both which have found 
practical application. The first method described detail paper 
Mr. William Webber, entitled “Water Power Direct Air Com- 
pression.”* Air compressor plants built these general principles 
have been installed Norwich, Conn., Magog, Canada, and are 
use European countries. The Pohle air-lift pump illustration 
the application other methods. 

1900 Mr. Frizell published book “Water Power” which was 
interesting addition hydraulic literature, and was also fre- 
quent contributor various publications. Among them 
article the “Strains Continuous Beams.”+ was collabo- 
rator Johnson’s Civil Engineering Cyclopedia. Among the papers 
contributed the Transactions the American Society Civil 
Engineers may mentioned “The Water-Power the Falls 

Anthony,” Vol. XII; “The Storage and Pondage Water,” Vol. 
and “The Old Time Water Wheels America,” Vol. 
was interested turbine water-wheels, and made study 
developing formula which the discharge turbine the 
Boyden type could computed from the various angles the 
guides and buckets. was remarkable mathematician, and was self- 
taught the higher mathematics. 

His son, Dr. Arthur Frizell, writes follows: 

“My father’s professional reputation wes essentially scientific; 
was valued for his ability carry through piece work requir- 
ing original investigation. success dealing with difficult prob- 
was owing mathematical aptitudes nearly akin genius. 


Journal, Association Engineering Societies, Vol. 26, 35. 
Journal, Franklin Institute, 1872. 
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With the faculty formulating engineering questions mathemati- 
cally combined rare skill the use the delicate analysis 
aid infinitesimals. To-day such faculty generally the result 
protracted academic training methods more accessible the 
average mind; but father was self-taught, least calculus; 
his processes were intuitive and sure. 

“There interesting entry his diary the effect that the 
ideas which based admit much wider application, 
indeed, are capable guiding every study that proceeds 
exact reasoning. Fifty years later, Professor Schoenflies 
berg, report the progress the newest branch mathematics, 
which largely concerned with precisely these underlying principles 
asserted that its development from set axioms, anal- 
ogous those Euclid, would equivalent analysis the 
foundations all human knowledge.” 


From 1903 until his death 1910, Mr. Frizell resided Dorchester, 
Mass. was member the Tariff Reform League, and took 
active interest writing papers the subject. was member 
the Unitarian Church, which attended regularly with his family. 
Although quiet and somewhat reserved disposition, had many 
warm friends, and the personal letters Hon. George Hoar, George 
Shattuck, Esq., and other prominent men, testify their apprecia- 
tion his ability and friendship. 

October 17th, 1864, Mr. Frizell was married Julia 
Bowes, Boston, Mass. survived Mrs. Frizell and two 
children, Dr. Arthur Frizell, member the faculty Kansas 
State University, and Miss Alice Frizell, who resides with her 
mother Cambridge, Mass. 

Mr. Frizell was elected Member the American Society Civil 
Engineers January 3d, 1883. 


HENRY RANDOLPH HOLBROOK, Am. Soe. 


1907. 


Henry Randolph Holbrook, son Nathan and Jane (Porter) 
Holbrook, was born November 22d, 1838, Columbia, Conn. 
was educated the common schools, and the age left home 
make his way the world. 

From February, 1865, September, 1866, Mr. Holbrook was 
engaged Assistant Engineer charge construction the 
Missouri Pacific Railroad. 1866, joined the Engineer 
Corps the Eastern Division the Union Pacific Railroad, remain- 
ing with the Corps until August, 1868. 


*Memoir prepared Augustine Wright, Am. Soc. 
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April, 1867, Engineer Corps, charge the late William 
Greenwood, Am. Soe. E., Chief Engineer, Mr. Holbrook 
being his Principal Assistant Engineer, left Junction City, Kans., 
make survey the line Denver, Colo. After locating the line 
between Forts Hays and Elsworth and the preliminary 
surveys Denver, the Union Pacific Railroad Company decided 
make survey through San Diego, Cal. Five parties were sent out, 
two the 32d Parallel and three the 35th Parallel, Mr. Holbrook 

having charge one the latter parties. 

From August, 1868, September, 1869, had charge the loca- 
tion the St. Louis and San Francisco Railroad from Jerome 
Springfield, Mo., distance 100 miles, and from September, 1869, 
September, 1870, was employed locating and had charge 
the construction miles the Kansas Branch the Union 
Railroad, from Kit Carson, Colo., westward. 

Mr. Holbrook was Chief Engineer the Denver and Boulder 
Valley Railroad during its construction, from September, 1870, 
February, 1871, after which was charge locating party 
the Denver and Rio Grande Railroad. March, 1872, went 
Mexico, where remained until July, making reconnaissances for 
railroads connection with this same road. 

From July, 1874, December, 1875, was employed Chief 
Engineer the construction the Pueblo and Salt Lake Railroad, 
from Las Animas Pueblo, Colo., and was Resident Engineer the 
Atchison, Topeka, and Santa Railroad from March, 1878, 
July, 1880. 

The Eastern Division the Union Railroad was not built 
beyond Denver, Colo., the Southern Pacific ultimately using the 32d 
Parallel for its route and the Atchison, Topeka, and Santa the 
35th Parailel, and from July, 1880, January, 1882, Mr. Holbrook 
was Chief Engineer the Atlantic and Pacific portions the 
latter line. 

1882, returned Mexico, where spent that year and 1883 
making examinations for proposed railroads. 

April, 1887, Mr. Holbrook was again appointed Chief Engineer 
the Pueblo and Salt Lake Railroad, remaining that position until 
1890, from which time until his death, December 21st, 1907, 
devoted himself irrigation and real estate projects, making his 
home Pueblo, Colo., where died. brother and three sisters 
survive him. 

Mr. Holbrook will always remembered for “the best portion 
good man’s life: his little, nameless, unremembered acts kindness 
and love.” 


was elected Member the American Society Civil Engi- 
neers January 2d, 1890. 
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ALBERT VICTOR KELLOGG, Assoc. Am. E.* 
Diep 1911. 


Albert Victor was born Aurora, August 4th, 
1863. was the third son the late Professor Kellogg, who 
the head chair Mathematics Northwestern University, 
Evanston, where his son received his collegiate training. 

Mr. Kellogg had given special attention and, having 
natural inclination and talent for engineering work, began his 
1881, Rodman location the Engineering Depart- 
ment the Chicago and Northwestern Railway. 1884 became 
Assistant Engineer the Chicago and Evanston Railway, part 
the Chicago, Minneapolis, and St. Paul, and later was employed 
surveys for the location the Fremont, Elkhorn, and Missouri Valley 
Railway (now part the Chicago and Northwestern Lines), 
which worked Assistant Engineer. 

During the interim between this and subsequent railway work, 
Mr. Kellogg was engaged municipal engineering Omaha and 
neighboring cities Nebraska, being with the late Andrew 
Rosewater, Am. Soe. was employed principally 
Assistant Engineer charge the surveys and construction the 
sewerage systems Grand Island, Hastings, and Plattsmouth, Nebr. 
Following this work, was engaged the general practice engi- 
neering St. Joseph, Mo,, and also Denison and other cities 
Texas. 

About 1890, re-entered railway service, and was connected with 
several Texas lines, notably the Missouri, Kansas, and Texas Railway, 
which held responsible position charge construction and 
later the Engineering Department the operated line. 

1893, when construction work was hindered the financial 
Mr. Kellogg became Engineer the Right-of-Way Department 
the Houston and Texas Central Railroad, Houston, Tex., where 
rendered valuable service re-surveys, and perfecting and 
systematizing records. established himself firmly the confi- 
dence the officers that was put charge the next construction 
work undertaken that Company. This work was done thoroughly 
and well that his ability was recognized, and, result, 1901, 
was put charge the Maintenance-of-Way Department the 
Houston and Texas Central, and Houston and West Texas Lines, 
subsidiary lines the Southern Railway, Atlantic System. 
continued this position until 1904, when was appointed Engineer 
Maintenance Way the Sunset Lines, the Atlantic System 
the Southern Pacific Railway, comprising the Morgan Louisiana and 
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Texas Railroad and Steamship Company, the Louisiana Western 
Railroad Company, Texas and New Orleans Railroad Company, and 
the Galveston, Harrisburg, and San Antonio Railway Company, with 
headquarters Houston, Tex., which position held until his death 
Santa Rosa Hospital San Antonio, Tex., February 15th, 1911. 

Mr. Kellogg possessed the qualities which into the make-up 
big man. who are left but the memory this friend, appreciate 
the example gave his energetic work, his fidelity trust 
and friend, and his loyalty service set apart for him. His 
life was that builder for the benefit mankind, and his work 
was well done. 

Mr. Kellogg was elected Associate Member the American 
Society Civil Engineers November 6th, 1895. 
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AMERICAN SOCIETY CIVIL ENGINEERS 
INSTITUTED 1852 


PAPERS AND DISCUSSIONS 
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publications. 


THE NEW YORK TUNNEL EXTENSION THE 
PENNSYLVANIA RAILROAD. 
CERTAIN ENGINEERING STRUCTURES THE 
NEW YORK TERMINAL AREA. 


INTRODUCTION. 

The location, general purpose, preparation site, train schedules, 
trackage details, method operation, and service work, have been 
described other papers; this paper confined description 
the physical construction work bridging over the approaches, bridg- 
ing for the surrounding streets, foundations, substructures for various 
services, and the steel design for the Station Building. 

The work herein described was placed under construction through 
the following primary contracts: 

contract with the “American Bridge Company, New 
York,” dated June 1905, for the manufacture and delivery the 
steel for street bridging, for the entire terminal, comprising about 
eight acres. The work under this contract was started June, and 
the first deliveries were made August, 1905. The major portion 


was delivered January 31st, 1907, and all deliveries were completed 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting, 
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papers, with discussion full, will published Transactions. 


} 


PENNSYLVANIA TUNNELS: TERMINAL STRUCTURES 563 


April 30th, 1909. The work fabricated and delivered under this 
contract amounted about 500 tons. 

Second.—A contract with the “New York Contracting Company- 
Pennsylvania Terminal,” dated June 21st, 1905, for the “Easterly 
Portion,” embracing all excavation, masonry, and steel construction 
from the west line Seventh Avenue, eastward the normal tunnel 
sections 32d and 33d Streets, covering about 290 ft. line 
32d Street and about 500 ft. 33d Street. The work was started 
June 13th, 1906, and was practically completed July, 1909. 
The amount work done the more important items was sub- 
stantially follows: 


930 cu. yd. 


contract with the “New York Contracting Company- 
Pennsylvania Terminal,” dated June 1905, for the construction 
the viaducts west Seventh Avenue, embracing all excavation, 
masonry, steel erection, and street-surfacing construction, for the 
viaducts for Eighth and Ninth Avenues, and and 33d Streets. 
The work was started October 19th, 1905, and was practically 
completed January, 1910. The amount work done the more 
important items was substantially follows: 


Back-filling, earth......... 000 cu. yd. 


contract with the “New York Contracting Com- 
pany-Pennsylvania Terminal,” dated May 9th, 1906, for the sub- 
structures, embracing the excavation for and construction all sub- 
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structures below track grade, such foundations for the Passenger 
Station Building, pipe tunnels, baggage-trucking tunnels, electric 
ducts, drainage system, elevator pits, ete. The work was started 
June 1906, and was practically completed January, 1910. 


The amount work done the more important items 
stantially follows: 


Water-proofing 58700 yd. 


contract with “Milliken Brothers, Incorporated,” dated 
January 9th, 1906, for the manufacture and delivery steel for the 
Passenger Station Building. The work was started immediately, and 
the first deliveries were made May, 1907. 

The contractors went into the hands receivers June, 1907, 
after delivering about 500 tons material. agreements with the 
receivers, dated September 6th and September 30th, 1907, this firm 
completed and delivered about 1850 tons additional material 
November, 1907. The remaining steel for this building was furnished 
other contractors. 

contract with “Milliken Brothers, Incorporated,” dated 
January 9th, 1906, for the manufacture and delivery steel for the 
Terminal Service Building. The work was started immediately, and 
the first deliveries were made October, 1906. All deliveries were 
completed April, 1907. The amount fabricated and delivered was 
about tons. 

contract with the “American Bridge Company, 
New York,” dated July 17th, 1907, for the manufacture and delivery 
steel for the Passenger Station Building, not furnished Milliken 
Brothers Receivers Milliken Brothers. The work was started 
September, 1907, and all deliveries were completed March, 1909. 


The amount work fabricated and delivered was about 662 tons. 
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important division the terminal work was designated the 
“Easterly Portion.” embraced all the work excavation, masonry, 
and bridging east the west line Seventh Avenue, and extending 
eastward under 32d and 33d Streets the normal tunnel sections, cov- 
ering area 1.88 acres, which 0.51 acre under private prop- 
erty and the remainder under public highways. 

The franchise required that the tops the finished structures 
should ft. below the surface the streets and avenue. this 
requirement was obviously made provide space for future rapid 
transit subway Seventh Avenue, consideration was first given 
the feasibility effecting arrangement with the city for the joint 
construction the railroad’s structure and section rapid transit 
subway Seventh Avenue supported thereon. 

Such arrangement, however, could not effected any rea- 
sonable manner, owing the impracticability that time deter- 
mining future subway requirements, and therefore was determined 
restore the highways back-filling over the railroad’s structures. 
The portions the latter under public thoroughfares were designed 
support the load due this heavy fill addition uniform live 
load 300 per sq. ft., this total superimposed load aggregating 
about 3500 Ib. per sq. ft. 

Owing the great value the private property affected, was 
determined design the structures beneath the private premises 
sustain superimposed load tons per sq. ft. The profile the 
railroad line established the top rail about ft. below the street 
level, and under-clearance ft. in. above the top rail was 
also determined. Borings the site disclosed the fact that rock under- 
laid the surface average depth about ft. 
tunnel with masonry abutment walls and intermediate steel bents was 
adopted, and was determined set the steel roof girders parallel 
with the axis Seventh Avenue order facilitate construction 
and provide properly for the maintenance avenue traffic. 

Bents were introduced between tracks wherever practicable, but, 
owing the track layout, long spans could not wholly avoided. 
The spans vary from ft. in. ft. in. from center center 
bearings. The girders vary depth from ft., and are spaced 
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4-ft. centers where loads permit, but 2-ft. centers where provision 
made for loads from future buildings. permit simple details, 
and avoid the use excessively thick material, one-eighth the 
deep girder webs was counted flange section, and web splices were 
designed resist moment. Cut granite templates are provided for 
the wall bearings the smaller girders, and steel 
for the wall bearings the heavily loaded girders. These grillages 
are built with separators, and provided with top and bottom counter- 
sunk riveted plates. The columns intermediate bents are made 
two 15-in. channels, set about in. from back back, reinforced 
15-in. cover-plates, and double-latticed with bars, pro- 
vided with riveted diaphragms top and bottom, with riveted cap 
plates, field-connected plate, and angle knee-braces, and riveted plate 
and angle bases. The columns bear cut granite templates capping 
concrete bases where loads permit, but the more heavily loaded columns 
bear steel grillages, which turn rest granite masonry 
with bases footed the rock. Girders rest the tops 
columns. Curb angles are attached riveted connections the col- 
umns all bents ft. above top rail for the protection the fender 
walls, 

The abutment walls are gravity sections concrete, de- 
signed carry the roof loads only, with allowance tons per sq. 
ft. bearing value under the grillages. top dressing 
laid top these abutment walls under all grillage bearings. 
situations where property was less valuable, and other conditions less 
restricting, the design abutment walls capable resisting hydro- 
pressure due head measured from the bottoms the sewers 
might have been warranted. this instance, however, was deter- 
mined design the walls above stated, trusting drainage 
scheme relieve these walls hydrostatic pressure. 

The scheme consists merely the application well-known 
materials simple but unusual manner, namely, the space from 
standard section line ledge, varying from in. ft., filled 
back suitable form the full height the abutment walls, with 
porous concrete, part cement, parts sand, and parts stone. This 
porous backing faced with hollow, light-burned, porous, terra cotta, 
4-in. partition blocks, laid with openings set vertically, 


and bonded for the continuity the vertical hollow spaces. These 
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blocks are anchored the concrete backing cut nails, driven into 
the latter and clinched over the inner walls the blocks joints. The 
bed joints are buttered such manner that the back half the joinr 
left open far practicable; the build joints are made simi- 
lar manner. 

The tile drainage sheet footed longitudinal tile drain, made 
chipping out the end walls and partitions the blocks. This 
longitudinal drain connected with gutter the toe the abut- 
ment wall, which, turn, connected the under-drainage system. 
the face the tiling above described, the wall water-proofing 
placed for the full height, with dry laps extended over the backing 
wall and weighted down. section time, varying from ft., 
was thus prepared, and the abutment walls were completed soon 
practicable after water-proofing. 

The roof cover, so-called floor-plate, consists plain 
and in. deep, embedded concrete and laid across the girders 
intervals in. from center center. The beams are not attached 
the girders. The roof water-proofing laid top the concrete- 
steel floor-plate, and protecting cover concrete laid over the 
water-proofing; after this had been done the highways were back-filled. 

The method placing the concrete-steel floor-plate was follows: 
First, forms were set between girders, then the plain were 
assembled, wire-brushed, spaced, and pinned grade; then mortar 
bearings were made for each beam over each girder, thus permitting, 
after the mortar had set, the removal all wedges and spacers, 
and the cleaning forms; after which the spaces beneath and between 
the beams were grouted, and the concrete was screeded grade. 

The protecting cover over the water-proofing was designed 
plain concrete from in. thick. long the back-filling was 
kept well back the end the completed work, and was stepped off 
bench formation, the plain cover served its purpose, but, 
one case, when the back-filling was advanced bank formation, 
close upon the completed construction work, the concrete cover broke, 


and the water-proofing was damaged, requiring the removal much 


back-filling effect proper repairs. After the occurrence just cited, 
the cover was reinforced Clinton wire cloth, and further trouble 
was experienced. 
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The columns are encased continuous concrete fender-walls, with 
battered faces, from the base each column ft. above the top 
rail. reinforcing mesh placed within in. the faces these 
fender-walls order toughen the surface and reduce the tendency 
check. Where the columns are 2-ft. centers, plumb curtain-wall 
built above and with the battered fender-walls, and the 
columns are thereby filled and encased with concrete the knee- 
braces. Where the girders are 2-ft. centers, they are solidly encased 
above the bottom flange 

superimposed wall built along the west side Seventh Avenue 
retain the Provision was made for similar walls elsewhere 
the street lines, but company ownership property permitted slop- 
ing the back-fill these points, hence the walls were not built. 

All abutment walls and column footings ate founded below sub- 
grade solid rock. All rock bottoms were carefully examined the 
engineers and accepted them before construction was permitted. 
the excavation was through solid ledge, the engineers had princi- 
pally see that all soft, powder-burned, and loose rock was removed, 
and jagged, wedge-shaped surfaces cut down before accepting foun- 
dation bottom. 

Prior the execution the Easterly Portion contract the masonry 
trunk sewers Seventh Avenue, 32d and 33d Streets, within the limits 
the Easterly Portion, were replaced, the railroad company’s ex- 
pense, cast-iron pipe sewers, and in. diameter. These were 
maintained position falseworks during the conduct the Easterly 
Portion contract. Substantial timber bents were left place beneath 
them. 

Excavation was started immediately after the contract was awarded, 
June, 1905, and the procedure was briefly follows: 

Earth excavation was started east Seventh Avenue, and for the 
first month was disposed directly wagons. open cut was 
started west the car tracks Seventh Avenue the end the 
first month, and the west roadway was closed traffic. 


Derricks were erected serve wagons east Seventh Avenue 
the second month. The excavation from the west cut was disposed 
3-yd. hauled the North River dock locomotives. 
The removal service pipes from the west roadway Seventh Ave- 
nue was started during the second month. 
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the third month, track connection was effected grade across 
Seventh Avenue the use movable sections the crossing 
the street railway, and wagons were abandoned. 300-ft. cableway 
was erected for the excavation the west roadway Seventh Avenue. 
boiler was set serve the drills, and rock excavation was started 
east Seventh Avenue. 

During the fourth month, the construction temporary retain- 
ing wall was started along the north side 33d Street, just north 
the north abutment wall. This temporary retaining wall was suggested 
the engineers and built the contractors their own expense 
prevent serious damage the buildings the north side 33d Street. 
These’ buildings are founded the clay and hardpan above the ledge, 
and, owing the construction the temporary retaining wall front 
them, appreciable settlement was noted. 

During the fifth month, cut-and-cover tunnel was commenced 
under Seventh Avenue order connect the two sections the work. 

the middle the sixth month, the temporary retaining wall 
above referred was finished, and the major portion the north 
approach east Seventh Avenue; the west roadway had also been 
excavated average depth ft. below street level, and tunnel 
connection was effected, after which, all excavation was disposed 
way the contractor’s tracks below street level. The use der- 
ricks and skips for serving the dump-cars was continued east the 
west track Seventh Avenue until the completion the excavation. 
The cars were served chiefly steam shovels the west cut after the 
sixth month. 

During the seventh month, battery boilers 
south the north cut east Seventh Avenue, order supply steam 
for the derricks and drills. 

The excavation the 32d Street approach, east Seventh Ave- 
nue, was started the eighth month, and the highway was diverted 
the company’s property the south. 

After the completion the temporary retaining wall, the north 
throat cut was widened include 33d Street; and the highway was 
thereafter maintained falseworks. Sub-grade was first reached 
one year from the date beginning excavation, which time 
considerable area the west roadway Seventh Avenue and small 

area east that avenue the 33d Street approach reached bottom. 
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Sub-grade was first reached the 32d Street approach about three 
months later. 

concrete plant, with two Smith mixers, storage bins, and 
feed hoppers, was erected east Seventh Avenue, between the two 
approaches, April, 1907. This plant was set above the works, and 
the materials were delivered bucket conveyor, the concrete 
being discharged into 1-yd., metal dump-cars, which the concrete 
was distributed the various works industrial tracks placed the 
forms and trestle built for the purpose. section backing 
wall for the south abutment, the 33d Street approach, and the founda- 
tions the intermediate bents for this approach were started east 
Seventh Avenue May, 1907, and the first section abutment wall 
was completed that month. 

The abutment walls for the south side the 33d Street approach 
and the north side the 32d Street approach west the car tracks 
Seventh Avenue, also the foundations for the center bent the 32d 
Street approach west the Seventh Avenue car tracks, were built 
during June, 1907. All abutments and foundations were partly com- 
pleted during July, 1907, and the steel erection was started the 
south end the 32d Street approach west the car tracks Seventh 
Avenue. The steel erection for the 32d Street approach west the 
ear tracks Seventh Avenue was completed September Ist, 1907. 
The steel erection for the 33d Street approach east Seventh Avenue 
was started September 1907. The permanent structure was 
wholly completed west the Seventh Avenue car tracks December, 
1908. 

temporary timber trestle was erected the deck the com- 
pleted portion the permanent structure, and the street-railway and 
other traffic Seventh Avenue was diverted this trestle February 
13th, 1908, after which the rock core which had been left beneath the 
street-railway tracks the middle Seventh Avenue was excavated. 
The excavation was entirely completed September 30th, 1908. 
The abutment walls and foundations were completed August Ist, 
1908. The steel erection was completed about September 30th, 1908. 
All the floor-plate work, water-proofing, and protecting masonry were 
completed October 6th, 1908. The back-filling for the restoration 
the highways was started the 33d Street approach east Seventh 
Avenue April 7th, 1908. trestle was built over the permanent 
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bridging Seventh Avenue, the railroad company’s expense, for 
the support the street-railway tracks, the sewers, and the water and 
gas mains, their permanent positions, and, after back-filling had 
been placed the top this trestle, the street railway was restored 
its original location January 5th, 1909, and four days later the 
east roadway Seventh Avenue was paved and restored traffic, thus 
permitting the completion the west roadway, which was finished 
May, 1909. The pavement 33d Street east Seventh Avenue was 
completed January, 1909, and that 32d Street east Seventh 
Avenue December, 1908. The company’s property was fenced in, 
thus marking the virtual completion this contract, about June 15th, 
1909, four years from the date beginning. 

Owing the heavy fill for the restoration the streets and 
avenue was determined delay placing the final pavement until 
least one year after the highways had been first restored traffic. 

Extracts from the specifications for the Easterly Portion are given 
Appendix Extracts from the specifications for the manufacture 
the steel for the Easterly Portion are given Appendix 


VIADUCTS. 


The Eighth Avenue Viaduct.—This viaduct 525 ft. long, 100 ft. 
wide, and extends entirely across the terminal between and 33d 
Streets. Top rail about ft. below street level the south end 
the viaduct and about ft. below street level the north end. 
After allowing for minimum under-clearance ft. in. and 
minimum depth ft. from street level top structure, 
required the franchise, the permissible depth structure over 
tracks was found vary from ft. in. the south end ft. in. 
the north end. 

For the reasons stated under the heading “Easterly Portion,” 
was determined restore the highway back-filling over the viaduct 
roof, hence the latter was designed support the weight back-fill 
plus uniform live load 300 per sq. ft., resulting total load 
about per sq. ft. 

Owing the shallow working depths, the bents were located all 
platforms and between tracks wlierever possible. The resulting spans 
vary from ft. in. ft. in. from center center bearings. 

face-connected, plate-girder structure, with riveted, 
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I-shaped columns, was adopted. The floor-plate 4-in. 
laid transversely, spaced from in. centers, spanning least 
three girders, and breaking joints every sixth beam; similar 
type that described under the heading “Easterly Portion.” 

Superimposed retaining walls extend from the floor-plate the 
street level both faces the viaduct; the basin thus formed 
water-proofed, covered with masonry, and contains the back-filling. 

The columns are uniformly spaced ft. from center center 
transversely the viaduct; each built one web-plate, in. 
wide, four 6-in. L’s, and from two six cover-plates, in. wide, 
having open holes the top for girder connections, and riveted plate 
and fitted stiffener angle bases. The columns bear cut granite 
cap-stones underpinned solid rock, except hereinafter noted, 
concrete piers. Each column base secured the granite cap-stones 
two fox-bolts, in. long. 

Face-connected girders, varying depth from ft. ft. in., 
each built one web-plate, with four side-plates where required, 
and four 6-in. L’s, and provided with open holes through riveted 
fillers for web connections with girders, are framed 
between the columns transversely, thus c.mpleting the bents. 

The longitudinal girders vary depth from ft. in. ft. 
in., and are ft. in. from center center the outer bays under 
the retaining walls, and ft. from center center between the outer 
bays. They are framed between the columns and transverse girders 
the bents above described. Each longitudinal girder built 
one web-plate, with four side-plates where required, four 6-in. 
four 6-in. flange L’s, and from two six 

The site the viaduct was excavated sub-yrade, timber trestle 
was erected maintain the highway for traffic, and the north and 
south abutments were built under another contract. 

Some interesting incidents the construction this viaduct are 
the following: Top rock was found below track level over the 
greater portion the south half the viaduct, gradually rising 
the surface the avenue the north half. Pockets disintegrated 
feldspar, having the consistency thoroughly compacted ashes, and 
saponifying water, were encountered several instances imme- 
diately beneath the viaduct foundations the six southerly bents. 
Wash-borings eighteen column locations showed the depth solid 
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rock these pockets vary from ft. more than ft. below sub- 
grade. After borings had been made, excavation was carried deep 
enough all soft material disclose the character and extent the 
pockets, and further explorations were made, where required, with 
rock drills. several instances the pockets were found extend 
over the entire area the column foundation, the depth firm 
rock being more than ft. below sub-grade. such cases spread 
footings were built, based conservative bearing values determined 
according the conditions encountered each case. other in- 
stances the pockets tapered that their area moderate depths was 
found only small percentage the area the piers. these 
excavation was made until firm rock was encountered depths 
ft. below sub-grade. many other cases the rock bottom 
was badly seamed with mica schist and disintegrated rock, and such 
instances spread footings were provided, based the usual bearing 
values for hardpan. 

The timber trestle occupied the middle the viaduct site for 
width about hence almost half the steel had placed 
through this trestle, and the latter had constantly readjusted, 
first during the building foundations, then during the placing 
steel, and afterward during the restoration the service mains, 

Owing the type the permanent structure, was hoped that 
the steelwork could erected working simultaneously both 
directions from the center bent the viaduct, but happened that 
the south half was ready for the steelwork first, and therefore the 
erection was started that end and continued steadily northward. 
The easterly bays were set advance, and the remaining bays were 
filled just back them until the center bent was reached. The 
structure was constantly measured and plumbed, and riveted, but, 
when all the steel had been placed south the center bent, check 
measurements were made and complete data obtained the posi- 
tion the structure. was found plumb and varying from 
in. south its true position the center. Fillers were 
accordingly inserted required the north face the center bent, 
and the erection proceeded, closing the north abutment within in. 
true position. The steel was erected temperatures varying from 
about 90° Fahr., and the only provision against creep was the 
customary shortening the girders from in. 
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The back-filling, for the restoration the highway, was advanced 
from south north, bench formation, rapidly the masonry 
cover was completed over the water-proofing. About the center 
the viaduct the back-filling was advanced too close upon the green 
masonry, and settling down and bulging the 8-in. backing wall 
was noted, accompanied vertical cracks, due apparently the 
slipping the back-filling placed against the wall. overcome the 
difficulty, the thickness the backing was changed from in., and 
substantial footing was provided. recurrence the trouble was 
experienced after the section the brick backing was modified. Por- 
tions the timber trestle were left place for the support the 
street-railway tracks and the service mains. The street was 
jacked up, lined, and wedged grade this trestle support prior 
paving. The highway was restored first granite block pave- 
ment sand, and this temporary pavement was maintained service- 
able condition during the settlement the Permanent 
asphalt pavement will provided eventually. 

The sidewalks are granolithic, top-dressed concrete cinder 
base, with cut stone curbs. 

The excavation for the foundations was started November, 1905, 
and completed June, 1907. The foundation masonry was started 
December, 1905, and completed July, 1907. The steel erection 
was started September, 1906, and completed August, 1907. 
The superstructure masonry was started May and completed 
November, 1907. The back-filling for the restoration the highway 
was &tarted July and completed December, 1907. The temporary 
pavement was completed and the highway entirely restored 
March, 1908, after beginning work. 

The 31st and 33d Street structures support the 
highways along the north and south margins the terminal site, be- 
tween Seventh and Eighth Avenues, between Eighth and Ninth Avenues, 
and along 31st Street for distance 200 ft. west Ninth Avenue. 

The franchise permitted the tops these structures placed 
ft. in. below the street surface, except south the south curb line 
31st Street and north the north curb line 33d Street, where 
required minimum depth ft. 

The Street Viaduct, between Seventh and Eighth Avenues, 

800 ft. long, ft. wide for distance 160 ft. front the 
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Service Building, and ft. wide elsewhere. supported the 
north the Station Building steelwork and the south retaining 
wall, except front the Service Building, where supported 
the steelwork the latter. This viaduct has two main decks; the 
upper deck, front the Service Building, supports the highway 
and both sidewalks; elsewhere the upper deck supports portion the 
highway and the north sidewalk. Beneath the roadway deck there 
baggage passageway connecting the Seventh and Eighth Avenue 
ends the Station Building. This baggage passageway deck also 
includes carriage return driveway, just south the general waiting- 
room, and portion the main concourse floor for the Station 
Building. also includes floor immediately front the 
Building for the support apparatus. 

Under portion the baggage passageway floor pipe gallery has 
been constructed for service lines from the Service Building the 
Station Building. 

column line was established just south the north house line 
Street, and there are intermediate column supports for the 
viaduct opposite the columns the south wall the Station Build- 
ing, and spaced varying intervals from ft. in. ft. in. 
from center center. Columns were also located north the Service 
for the support the southerly margin the highway and 
the baggage passageway. 

The principal columns are made one 164 web-plate, 
four angles, and two 15-in. 33-lb. channels, reinforced 
below the baggage passageway floor level, two 
plates, provided with open holes for the connection the girders and 
beams the baggage passageway floor and for girder connections 
the top, and provided with riveted plate and stiffener angle bases. 
Riveted plate and angle brackets are provided all connections 
between transverse girders and columns. 

All but three the bear cut granite cap-stones under- 
pinned solid rock concrete piers. Three the columns rest 
grillages underpinned solid rock concrete piers. 
The latter three column foundations are located between the conduit 
lines, where the available space did not permit the economical use 
stone templates. The foundation concrete composed part 
Portland cement, parts sand, and parts broken stone. 
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The deck immediately beneath the roadway plate-girder con- 
struction, the sidewalks being supported framing. The 
sidewalk beams and roadway girders are approximately 5-ft. centers, 
and set transversely the viaduct. The roadway, girders are face- 
connected the north longitudinal girders which frame between 
the viaduct columns, and are similarly connected the south front 
the Service Building, but elsewhere the south they are supported 
the retaining wall bridge seat. These roadway deck girders are 
made one 24-in. web-plate, four 6-in. angles, and two 14-in. 
cover-plates. Between the roadway girders three-center spandrel 
arches were turned, with haunches bearing the bottom flanges 
the girders. These arches are 1:2:4 Portland cement concrete, 
and are in. thick the crown with tops leveled off in. above the 
tops the girders. This top surface water-proofed with six-ply 
pitch and felt, connected the water-proofing the retaining wall, 
and turned elsewhere back the curbs. protecting cover 
Portland cement concrete, in. thick, placed over the water- 
proofing. The back-filling was placed over this cover, and the roadway 
was temporarily paved with granite blocks sand. temporary tim- 
ber curb and bulkhead was constructed just south the north curb 
line retain the fill and pavement pending the setting special 
curb and sidewalk lights front the Station Building. This 
temporary curb was subsequently used the sill the temporary 
fence enclosing the station site. 

The baggage passageway floor steel-beam, plate-girder, and 
lattice-girder construction. The floor-beams vary from 15-in., 
24-in., they are spaced about ft. from center 
center, and are set longitudinally, resting the top chords the 
transverse lattice girders the pipe gallery; they are face-connected 
the transverse plate girders elsewhere, with the tops the beams 
set in. below the girders. 

The pipe gallery floor-beams vary from 10-in., 25-lb. 12-in., 
they are spaced about ft. from center center, and 
are set longitudinally and face-connected the transverse girders with 
the bottom the beams in. above the bottom flanges the girders. 
Between and over the floor-beams the pipe gallery and baggage 
passageway there are reinforced concrete floors, the slabs varying 
thickness from in., with beveled haunches footed beam 
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flanges. These floors are 1:2:4 Portland cement concrete (using 
stone), reinforced Clinton wire cloth. The bottoms the 
slabs are in. below the tops the beams. These reinforced concrete 
floors have granolithic top dressing. The north side the baggage 
passageway and pipe gallery and the southerly margin front 
the Service Building are enclosed brick walls supported the 
viaduct steelwork. granolithic sidewalk, ft. in. wide, with 
Wainwright, steel-bow, concrete curb, in. high, laid the baggage 
passageway floor against the north wall, and there quarter-round 
granolithic fender curb 12-in. radius the south side the 
baggage passageway floor. The general excavation sub-grade, the 
construction the retaining wall, the Service the 
Station Building were done under other contracts. 

The excavation for the forty-three column foundations this 
viaduct was started June and completed 1906. The 
foundations were started April and completed December, 1906. 
The steel erection was started November, 1906, and completed 
March, 1907. The superstructure masonry was started March and 
completed July, 1907. The temporary pavement was completed and 
the highway restored traffic November, 1907. 

The 33d Street Viaduct, between Seventh and Eighth Avenues, 
800 ft. long, ft. wide for distance 297 ft. opposite the general 
waiting-room, and ft. wide elsewhere. 

similar type the Street Viaduct between Seventh 
and Eighth Avenues, hereinbefore described, but the lower deck this 
case part the exit concourse, and arranged for future con- 
nections rapid transit subways Seventh and Eighth Avenues and 
34th Street. The governing floor grades and the under-clearance left 
permissible depth only about ft. for the lower deck. was 
determined, therefore, frame this lower deck transversely between 
the intermediate column line and the north retaining wall, and, oppo- 
site the general waiting-room, the north column line. The floor. 
beams for the shorter spans vary from 15-in., 18-in., 
The long-span floor-beams are built 18-in. web-plates and 
four 4-in. L’s, and 24-in. web-plates with four 6-in. L’s. The 
floor-beams are spaced from ft. in. ft. from center center, are 
face-connected the longitudinal girders and columns the column 


lines, and set into pockets the ledge beneath the north retaining wall 
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fianges. These floors are 1:2:4 Portland cement concrete (using 
3-in. stone), reinforced Clinton wire cloth. The bottoms the 
slabs are in. below the tops the beams. These reinforced concrete 
floors have granolithic top dressing. The north side the baggage 
passageway and pipe gallery and the southerly margin front 
the Service Building are enclosed brick walls supported the 
viaduct steelwork. granolithic sidewalk, ft. in. wide, with 
Wainwright, steel-bow, curb, in. high, laid the baggage 
passageway floor against the north wall, and there quarter-round 
granolithic fender curb 12-in. radius the south side 
baggage passageway floor. The general excavation sub-grade, the 
construction the retaining wall, the Service Building, and 
Station Building were done under other contracts. 

The excavation for the forty-three column foundations this 
viaduct was started June and completed November, 1906. The 
foundations were started April and completed December, 1906. 
The steel erection was started November, 1906, and completed 
March, 1907. The superstructure masonry was started March and 
completed July, 1907. The temporary pavement was completed and 
the highway restored traffic November, 1907. 

The 33d Street Viaduct, between Seventh and Eighth Avenues, 
800 ft. long, ft. wide for distance 297 ft. opposite the general 
waiting-room, and ft. wide elsewhere. 

similar type the Street Viaduct between Seventh 
and Eighth Avenues, hereinbefore described, but the lower deck this 
part the exit concourse, and arranged for future con- 
nections rapid transit subways Seventh and Eighth Avenues and 
34th Street. The governing floor grades and the under-clearance left 
permissible depth only about ft. for the lower deck. was 
determined, therefore, frame this lower deck transversely between 
the intermediate column line and the north retaining wall, and, oppo- 
site the general waiting-room, the north column line. The 
beams for the shorter spans vary from 15-in., 42-lb. 18-in., 
The long-span floor-beams are built 18-in. web-plates and 
four 4-in. L’s, and 24-in. web-plates with four 6-in. L’s. The 
floor-beams are spaced from ft. in. ft. from center center, are 
face-connected the longitudinal girders and columns the column 


lines, and set into pockets the ledge beneath the north retaining wall 
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for length 247 ft. the west end and the pilasters forming 
part concrete facing placed over the ledge beneath the retaining 
wall for length 258 ft. the east end. 

gallery, ft. wide and 457 ft. long, supported the viaduct 
columns the south and suspended from the roadway deck girders 
its northerly margin, forms part the entrance concourse, and 
connected stairway the south sidewalk 33d Street, and 
northerly extension the 34th Street temporary entrance and exit. 

The excavation sub-grade, the construction the retaining wall, 
the Station Building and the temporary entrance and exit 34th 
Street, also the architectural finish the concourse deck this viaduct 
were executed under other contracts. 

The excavation for the fifty-six column foundations this viaduct 
was started October, 1906, and completed September, 1907. The 
foundations were started November, 1906, and completed Sep- 
tember, 1907. The steel erection was started July and completed 
December, 1907. The superstructure masonry was started August 


and completed December, 1907. The temporary pavement the 


roadway was completed and the highway opened traffic March, 


The 31st Street Viaduct, between Eighth and Ninth Avenues, 800 
ft. long and ft. wide. single-deck structure supported the 
retaining wall the south and steel columns the north. The 
columns are placed between the tracks and the platforms inter- 
vals varying from ft. in. ft. in. from center center, and, 
account the track layout, the twelve easterly and five intermediate 
columns are placed line askew the viaduct and distant ft. 
in. (maximum) north the north house line. 

The deck framing made riveted longitudinal stringers 
spaced about ft. in. from center center, each built one 
the ends the webs the transverse girders, which, turn, rest 
the south end steel grillages set pockets left the retain- 
ing wall for the purpose, and top-connected the columns face- 
connected the longitudinal girders the north end. Each these 
transverse girders built one web-plate varying from 
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The columns are made two 15-in. channels, double latticed, and 
reinforced some instances 15-in. cover-plates. They vary length 
from ft. in. ft. in. There are riveted plate and angle 
brackets all girder connections columns. The columns are braced, 
longitudinally the viaduct, pairs, battened diagonal bracing 
system with top and bottom latticed struts, thus making them almost 
equally strong each direction. 

For length about 400 ft. the east end, the viaduct opposite 
the Post Office Building, and has been determined sup- 
port certain minor features the building entrances and areas this 
viaduct, the latter has required strengthening. 

This strengthening has been accomplished introducing diag- 
onal bracing system, which connected the transverse girders 
top, and the lowest point.of attachment the original longitudinal 
column bracing about midway the column length the bottom. 
lateral system has been introduced the plane these diagonals. 
the introduction the diagonal system referred to, the columns 
were made stronger north and south direction than the opposite 
direction. Hence, where the difference value under actual loading 
conditions required it, the longitudinal bracing was modified and ex- 
tended down the column sufficiently compensate. 

Between the deck stringers, semicircular spandrel concrete arches 
were turned, and the deck was water-proofed and completed the man- 
ner hereinbefore described for the 31st Street Viaduct between Seventh 
and Eighth Avenues, except that the completion the north sidewalk 
was part the viaduct work and therefore superimposed concrete 
retaining wall bulkhead was built monolithic with the northerly 
arches the north house line within in. the top the sidewalk 
order retain the The deck water-proofing turned the 
back this wall. were provided intervals about ft. 
between the stringers order take the thrust the deck arches. 
The contractors requested permission omit these, account the 
nuisance constantly readjusting forms, and were permitted omit 
all but those the north panels. timber frame wood fence was 
erected the north house line and attached the superimposed bulk- 
head wall. 

The excavation sub-grade and the construction the retaining 
wall were executed under another contract. 
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The excavation for the twenty-nine column foundations this 
viaduct was started September, 1907, and completed July, 1908. 
The foundations were started October, 1907, and completed July, 
1908. The steel erection was started June, 1908, and completed 
March, 1909. The deck masonry was started April, 1908, and com- 
pleted April, 1909. The highway was restored traffic the com- 
pletion the temporary pavement December, 1909. 

The 33d Street Viaduct, between Eighth and Ninth Avenues, 
800 ft. long and ft. wide, and identical type with the 31st 
Street Viaduct between Eighth and Ninth Avenues, except that the 


columns are all the same straight line (approximately the south 
house line). 


The excavation sub-grade and the construction the north re- 
taining wall were executed under another contract. 

The excavation for the twenty column foundations this viaduct 
was started October, 1907, and completed December, 1908. The 
foundations were started February, 1908, and completed January, 
1909. The steel erection was started March, 1908, and completed 


May, 1909. The deck masonry was started April, 1908, and com- 
pleted June, 1909. The highway was restored traffic the com- 
pletion the temporary pavement July, 1909. 

The 31st Street Viaduct, west Ninth Avenue, 200 ft. long and 
ft. wide, and similar type the Street Viaduct between 
Eighth and Ninth Avenues. opposite the site proposed 
Express Building, and has been designed that intermediate floor 
connected with such building may constructed some future 
date. 

provide suitable depth story beneath the roadway deck, the 
transverse girders the latter are placed pairs, one each side 
the columns, with riveted diaphragms the stringer connections. 
this arrangement the transverse girders were reduced in. 
depth, but this design resulted erection difficulties not encountered 
the more simple types used elsewhere. 

The excavation sub-grade and the construction the south 
retaining wall were executed under another contract. 

The excavation for the eight column foundations this viaduct 
was started March and completed August, 1909. The foundations 
were started April and completed August, 1909. The steel erec- 
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tion was started May and completed September, 1909. The deck 
masonry was started August and completed November, 1909. The 


highway was restored traffic the completion the temporary 
pavement January, 1910. 


Loads.—In determining the weight the structures, for the purpose 
calculating the strains, the weight masonry floors has been 
assumed 140 lb. per cu. ft. The decks immediately beneath 31st and 

33d Streets have been designed carry concentrated live loads 
accordance with the diagram, Fig. placed give maximum 
strains all parts the structure. 


Longitudinal spacing for loads “A” ft. and ft., alternately. 

All loads placed produce the maximum effect 
all parts the structure. 

Add 25% the live loads indicated Fig. compensate for 

impact and vibration. 


LIVE-LOAD DIAGRAM FOR UPPER DECK 31st STREET 
AND STREET BRIDGES. 


° 


240 Ib. per 


addition the live loads indicated Fig. the upper decks 
the 31st and 33d Street bridges have been designed sustain (together 
with the weight the structure) dead load fill and pavement equal 
135 per cu. ft. 

The lower decks the 31st and 33d Street viaducts between Seventh 
and Eighth Avenues have been designed carry live load 240 lb. 
per sq. ft., uniformly distributed. 

compensate for the effect impact and vibration, 25% the 


maximum strains resulting from the above mentioned live loads have 
been added thereto. 
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The Ninth Avenue Viaduct.—The Ninth Avenue Viaduct 376 ft. 
long and 100 ft. wide, and extends across the terminal from the south 
curb line 31st Street point about 110 ft. south 33d Street. 
supports eighteen columns the elevated railway structure. The 
franchise required that the minimum depth from the street surface 
the top the structure should ft. For the reasons hereinbefore 
stated, was determined restore the highway back-filling over the 
viaduct roof; hence the latter was designed support the weight the 
back-fill addition the weight from the elevated railroad structure, 
and uniform live load 300 per sq. ft. street surface. The 
column bents are located wherever practicable between the tracks, but, 
owing the relation the viaduct location the track layout, the 
resulting spans vary from about about ft. 

The contract required that the highway and elevated railway traffic 
should maintained service during the construction the viaduct, 
hence became necessary design the structure simplify its 
erection. Owing the comparatively long spans and the heavy loads, 
was decided erect top-bearing, plate-girder structure, all girders 
set longitudinally, and spaced ft. from center center, except 
under the foundations for the elevated railway columns, where they 
were spaced ft. from center center. The columns all bents 
were similarly spaced. 

The extreme north and south ends the structure rest abut- 
ment-wall bridge seats. Lateral stability provided introducing 
horizontal lateral system between the top flanges each marginal pair 
girders, also introducing substantial cross-frames between the 
girders and the tops the columns. 

The floor-plate made 6-in., laid transversely, 
and in. from center center under the superimposed retaining walls 
and elevated railway columns, and in. from center center elsewhere, 
spanning least three girders, and with broken joints. These beams 
are encased concrete, the floor-plate being similar that the 
Portion,” hereinbefore described. 

The foundation piers, 1:2:4 Portland cement concrete, ft. 
square the top and ft. in. square the base, are built 
monoliths, from the top the floor-plate the base the elevated 
railroad columns, just below the surface the avenue. The resulting 
load the structure the base these foundations approximately 
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4000 lb. per sq. ft.; the superimposed load elsewhere the viaduct 
about 3000 lb. per sq. ft. 

Superimposed retaining walls extend from the floor-plate the 
street level both faces the viaduct; the basin thus formed 
water-proofed, covered with masonry, and contains the back-filling. 

Each viaduct column built with two 15-in. double-latticed 
channels, and from two eight cover-plates, in. wide. 
provided with riveted plate and angle diaphragms top and bottom, 
cap-plates, and riveted plate and angle knee-brackets top, connected 
girders and riveted plate and fitted stiffener angle bases; also clip 
angles for the attachment the fender curb. The columns with least 
loads bear directly cut granite cap-stones, underpinned solid 
rock 1:24:5 Portland cement concrete piers. The more heavily 
loaded columns bear steel grillages, underpinned solid 
rock 1:24:5 Portland cement concrete piers. The column bases 
are secured the granite cap-stones two fox-bolts, in. 
long, and the grillages four bolts each column base. 

The viaduct girders are and ft. deep, and each built 
one web-plate with four side-plates, where required, four 
6-in. four 8-in. flange angles and from two twelve cover- 
plates, 16, 18, and in. wide. Where the girders change depth 
from ft., riveted plate and stiffener angle seat, double-spliced 
the webs and milled fit the bottom flange angles, provided 
the ends the 9-ft. girders over the column bearings. Connecting 
plates are provided the top flange one end each girder and 
are riveted the abutting girder. 

the abutment walls the girders bear cast-iron pedestals, 
steel channel bolsters with top and bottom riveted plates, which, 
turn, rest the cut granite bridge seat. 

The scheme for the support the highway and the elevated rail- 
way structure, during the erection the viaduct, required that 
central core rock left place, longitudinally, until the con- 
struction the east and west margins the permanent viaduct, 
for width about ft. each side, could completed; hence 
the permanent bridging was erected the east arid west margins 
the structure, beginning end, and the vertical supports 
for the falsework were transferred this permanent bridging. Then 
the excavation was done, after which the intermediate section was 
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constructed. The falseworks were arranged that the foundations 
for the elevated railway columns could completed without dis- 
turbing them, and they were removed rapidly the completion 
the permanent foundations permitted. 

The columns are encased continuous concrete fender-walls, with 
battered faces, from the base each column ft. above the top 
rail. reinforcing mesh placed within in. the faces 
these fender-walls order toughen the surface and reduce the 
check. There are refuge openings the fender-walls 
intervals about ft. 

The excavation for the 161 column foundations this viaduct 
was started September, 1908, and completed July, 1909. The 
foundations were started October, 1908, and completed July, 
1909. The steel erection was commenced January, 1908, and com- 
pleted August, 1909. The superstructure masonry was started 
November, 1908, and completed September, 1909. The back-filling 
for the restoration the roadway was commenced April, and 
completed December, 1909. The elevated railway was transferred 
from temporary permanent foundations from time time the 
latter were completed. These foundations were started November, 
1908, and completed August, 1909. The highway was restored 


traffic the completion the temporary pavement January, 
1910. 


The specifications for the viaducts did not vary much, respect 
materials and workmanship, from those quoted Appendix 
Extracts from the specifications for the manufacture the steel for 
the viaducts are given Appendix 


SUBSTRUCTURES. 


All work below the track level between the marginal retaining 
walls, from the east side Tenth Avenue the west side Seventh 
Avenue, except the viaduct foundations, was included the Sub- 
structures Contract, the principal features which were: Pipe and 
express trucking subways, pits, complete under-drainage 
system, traction conduit system, and the foundations for the Station 
Building and the Post Office Building. 

Subways.—Due the fact that the Station Building super- 


imposed over the tracks such manner that complete provision 
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for supply and discharge service lines could not made advantage- 
ously within the building itself, and due the necessity for 
the installation very extensive yard service system, pipe sub- 
ways are provided beneath the tracks, running across the yard 
intervals about 400 ft., one them leading directly from the sub- 
basement the Service Building. These cross-subways are built, 
some cases, for trucking subways, and are connected long- 
itudinal subway extending from Seventh Ninth Avenues, provide 
for the transfer express matter between the trains and the Ex- 
press Building site west Ninth Avenue, and also provide 
transfer certain mail matter between the trains and the Post Office 
site west Eighth Avenue. 

The pipe subways vary clear width from ft. and 
clear height from 154 ft. They contain mains for fire service, 
water supply, car heating, air-brake testing, the operations inter- 
locking, the heating the Station Building, also certain soil pipes 
and rain-water leaders from the Station Building, drainage lines 
from the yard buildings, electric conduit feeders for yard, platform, 
and subway lighting, and for the operation the electro-pneumatic 
interlocking plant. These service lines are carried beneath the roof 
the trucking subways and above the head-room for trucking. 

For the discharge soil drainage from the yard buildings, and for 
that portion the soil drainage from the Station Building which 
could not discharged gravity, ejectors are placed pits pro- 
vided for the purpose; these pits are connected and form part 
the subway system. 

The cross-trucking subways are ft. wide the clear and have 
height about ft. The longitudinal subways are ft. wide 
the clear and about ft. high. Beneath the pipes there clear 
head-room ft. for trucking. 

The subways are reinforced concrete box section, the roofs 
and side-walls being designed support the track bed and train loads, 
and the whole cross-section resist hydrostatic pressure, due 
assumed head water measured below the bottom the under-drain- 
age system, which average depth ft. in. below the sub- 
way roofs. order reduce superimposed dead load min- 
imum, the subway roofs are placed sub-grade, ft. below top 
rail. The train loads were reduced equivalent uniformly-dis- 
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tributed live load per square foot subway roof. Subway roofs 
beneath platforms are lighter section, but are strong enough 
provide for such loads may come upon them due the use 
the space below the platforms for branch service lines. 

The the subways plain, square, merchant- 
able rods, having permissible unit stress lb. per sq. in., and 
spaced intervals in. from center center. Similar bars 
were set longitudinally and wired the transverse bars wherever 
practicable, for reinforcement against temperature effects and shrink- 
age. These temperature bars are intervals in. from center 
center throughout the cross-section, single system being used 
the floors and side-walls and double system with alternate spac- 
ing the roof. The interior face the reinforcement in. back 
the finished interior face each subway. The subways are com- 
pletely enveloped with six-ply pitch and felt water-proofing, and 
protected masonry. Where conduit banks cross the subways, they 
are constructed concrete troughs just below the subway 
roofs. The side-walls these troughs are designed reinforced 
girders, and the floor slabs the troughs are suspended 
from them. Many pipes pass through the walls the subways, and 
order provide for putting these after the subways had been 
constructed, and insure water-tight job completion, pipe sleeves, 
made pipes varying diameters, threaded the outside and each 
fitted with two cast-iron screw flanges, with lead washers, are set 
the walls and clamped the water-proofing, sufficient space hav- 
ing been allowed between the external perimeter the pipes and the 
internal perimeter the sleeves permit caulking the external 
joint between them after placing the pipes. 

Numerous openings have been left the roofs the subways for 
pipe branches under platforms, and elsewhere, for connection with 
surface pipe trenches. The presence foundations, conduit lines, 
drainage lines, adjacent and connected with the subway sys- 
tem, made the execution some portions the substructure work 
very painstaking task. 

Pockets have been left about ft. below the roofs the pipe sub- 
ways intervals ft. from center center, thus providing 
bearings for the pipe-hanger beams, each which made two 
6-in., 8-lb. channels, back back. the trucking subways, 9-in., 
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21-lb. are built into the roof section, with their bottom 
flanges flush with the ceilings. Three-piece wedge forms were set 
over these flanges and withdrawn the completion 
the work, thus leaving the flanges free and clear for the attachment 
the pipe hangers. 

general, the method procedure the construction the 
subways was follows: 

trench was excavated and concrete floor base was placed, 
ready for water-proofing; then backing-walls, varying height from 
ft. the full height the subway, according the conditions 
encountered, were built, usually for stretches 100 ft. time. 
Owing the nature the rock and the presence deep pockets 
earth, the trenches were some cases excavated ft. 
wider than required the drawings, and these instances, after 
experimenting with various heights backing-wall, was finally 
determined build the backing-walls the first stage height 
about ft., thus forming with the floor base basin, which was then 
water-proofed. After completing this first stage water-proofing, the 
reinforced concrete floor was laid with battered margins arranged 
obtain the effect flat inverted arch thrusting against the side-walls 
after the latter were completed. Gutters were provided the floors 
one wall angle, carry off any water which might accumulate 
from pipe leaks otherwise. After the reinforced concrete floors had 
set, four-piece collapsible timber form, about ft. long, with suit- 
able lagging its external perimeter, was set over the floor and 
adjusted wedges and keys the internal dimensions the sub- 
way. The reinforcement was placed the proper distance from this 
form, and secured place suspending from scantlings blocked 
the roof the form. The side-wall was bent 
the bottom conform the above described battered faces the 
floor. outside forms for the walls were constructed separately 
the backing-walls above described, and were braced the sides 
the trenches, after which the side-wall and roof concrete was placed 
monolith. The longitudinal reinforcement was extended beyond 
each section, and lapped for continuity. After the tube concrete had 
set sufficiently, the were removed, the water-proofing 
was completed, and the masonry protection was placed. After 
sufficient time had elapsed insure the thorough set the side-walls 
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and roof, the interior form was pushed ahead and made ready for the 
next section. 

Owing the great amount time consumed placing concrete 
backing-walls open trenches, the contractors were permitted sub- 
stitute terra cotta tile backing above the 4-ft. wall placed the first 
stage. concrete cover in. thick was placed over the roof water- 
proofing throughout. 

Elevator pits have been provided for the baggage, 
mail, and express lifts. Nine are connected directly the main cross- 
trucking subway just east Eighth Avenue, two are connected with 
that subway branch its north end, and two others, just west 
Seventh Avenue the north side the terminal, are inter-connected 
special trucking subway with branch connection the easterly 
pipe subway. 

These lift pits are open one end and the top, hence steel 
stud and concrete wall structure with reinforced concrete floor was 
adopted. The floors the pits are about ft. below the floors 
the trucking subway. The pits are ft. wide, ft. in. long, and 
vary height from about ft. ft. The floors and walls are 
water-proofed with six-ply pitch and felt. The lifts are the 
standard plunger type, and the plunger castings are made stud 
rings and clamping rings; insure tight work, the floor water- 
proofing was cut fit the studs these castings and clamped 
place. 

The the floors 3-in. plain, square, mer- 
chantable rods, laid transversely intervals in. from center 
center, with special framing around the plunger castings. This floor 
was designed resist the hydrostatic pressure due head water 
measured from the bottom the under-drainage system. The top sur- 
face each pit floor has been graded semicircular sump one end 
the pit and its axis. This sump has radius in. and 
in. deep. The wall framing 15-in. L-beams set vertically, 
spaced intervals about ft. in. from center center, connected 
the top with 15-in. curbs, and provided with clip angles 
the bottom for anchorage. The side-walls the pits are con- 
crete, in. thick, finished flush the inside with flanges steel 


studs, water-proofed the outside, and backed with masonry. 
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Chases in. square have been left the end-walls the pits for 
pressure pipes; these walls are normally ft. thick. 

Many the pits are located between the Station Building columns, 
that, some instances two, and other instances four, these 
columns are founded below the floors the pits and encased their 
walls. The entrances the pits are flared 45°, these flares measur- 
ing ft. the side; and riveted plate-girder lintels are built into 
the subway roof support across these flared openings. 

The presence the Station Building column foundations and the 
necessity for setting these columns part the lift pit structures 
made the construction the latter quite complicated many in- 
stances. avoid too much delay the construction the pits, the 
Station Building columns question were spliced just above sub- 
grade, and the lower sections were manufactured and delivered the 
substructures contractors and erected them, thus facilitating 
progress the construction the pits. 


general, the construction the lift pits proceeded about 
follows: 


The pits were excavated; base course concrete was laid; the 
concrete facing was carried against the face the ledge where 
the pits were wholly solid rock, backing-walls were constructed 
where the pits were partly earth, about the level the adjoining 
subway floor base. The basin thus formed was water-proofed, after 


which, the Station Building column foundations were set, and the 


lower lengths these columns were erected. concrete base, 
the width the side-walls, was placed and the side-wall studding 
was erected. Then the reinforced concrete floor was immediately com- 
pleted; after which, the side-wall masonry was placed, the water- 
proofing completed the outside wherever practicable, and backed 
with masonry. some instances was necessary complete the 
backing-walls and water-proofing before the side-wall studding was 
erected. 

Under-Drainage System.—The summit the track grades the 
terminal area about ft. below mean high water and about ft. 
below the general sewer level, and considerable portion the 
terminal yard west Eighth Avenue open the weather. 

elaborate under-drainage system provided, that portion under 
the covered area being designed dispose seepage beneath 
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the enclosing retaining walls, from fissures the ledge, water from 
springs, and drip from equipment and platform surfaces. esti- 
mate the probable maximum quantity water from these sources, 
based with somewhat similar conditions, formed the 
basis the design for that portion the drainage system under the 
covered area. 

Open-joint, cast-iron, drain pipes, varying from in. diam- 
eter, are laid concrete cradles longitudinally the terminal inter- 
vals about ft. from center center. The tops these pipes are 
about ft. below the top rail.. The open-joint drain trenches are 
back-filled sub-grade with clean broken stone insure the proper 
leaching surface-water. 

The subway system hereinbefore described divides the terminal area 
into drainage zones, and the longitudinal drain lines are intercepted 
caulked-joint collector drains adjacent these subways, which, 
turn, are extended sumps, whence the water pumped the city 
sewers. The caulked-joint collector drains vary diameter from 
in. They are also laid concrete cradles, and sufficient 
depth permit them pass under the conduit lines and some 
cases under the subways. 

The longitudinal drainage system laid approximately the same 
rate grade the track, and sloped east and west from the summit 
grades about 500 ft. west Seventh Avenue. the point 
beginning each longitudinal drain line, Y-branch, embedded 
concrete and provided with removable cap, forms clean-out. There 
are intermediate clean-out manholes intervals about 200 ft. 
these drain lines, and manholes all collector drain lines the 
intersections the longitudinal drains. Such the latter manholes 
are adjacent sumps have chambers about ft. deep below the 
lowest outlet, and are known sump manholes, the purpose the 
deepened chamber being permit the accumulation and removal 
silt, far practicable, outside the sumps. All drainage 
manholes are New York City standard sewer manhole type, with 
top-dressed concrete floors, 8-in. brick walls, galvanized- 
iron ladder rungs, and cast-iron heads and covers. There are 
the drain lines directly front the enclosing retain- 
ing walls, intervals ft. These are connected directly 
weep-holes through the walls wherever practicable. The entire zone 
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between the summit track grade and the easterly end the Easterly 
Portion contract drains into sump located just west Seventh 
Avenue and south the 32d Street approach. This sump two- 
story structure, the bottom which ft. in. below sub-grade, 
its roof being track level. The sump chamber ft.. 
and above this the machinery room, ft. Provision 
has been made for electrically-operated, centrifugal pumps set 
the floor the machinery-room. This room connected 
door with the adjacent pipe subway. The suction pits are the 
floor the sump chamber. This sump discharges through 
pipe into private sewer built under the west sidewalk Seventh 
Avenue, which, turn, connects with the city sewer Seventh 
Avenue and Street. 

zone, immediately west the track grade summit and south 
the longitudinal trucking subway, discharges into sump having 
capacity 1000 gal. per min., built beneath the floor the sub- 
basement under the south sidewalk Street front the 
Service Building. This sump has electrically-driven, centrifugal 
pumps which discharge through 8-in. pipe into the 31st Street 
sewer. The remaining area the westerly slope east Ninth Avenue 
empties into sump, having capacity 14500 gal. per min., just 
east Ninth Avenue and south 33d Street. This sump two- 
story structure, the floor the chamber being about ft. in. below 
sub-grade, and the top the roof about flush with the top rail. 

The sump chamber L-shaped, the main dimensions being 
ft., and over this located the machinery-room, the main 
dimensions which are 134 ft. 

Provision has been made for three electrically-driven, centrifugal 
pumps (two which have been installed) with direct-connected 
motors, the latter being set the floor the machinery-room. 
This room connected door with the adjacent pipe subway. The 
suction pits are the floor the sump chamber. This sump dis- 
charges through 30-in. pipe into the Ninth Avenue sewer. 

The entire westerly slope west the east line Ninth Avenue 
drains into sump having capacity 200 gal. per min., which 
just east Tenth Avenue and south the tunnel portal. This sump 
two-story structure, the floor the chamber being about ft. 
below sub-grade, and the top the roof about flush with the top 
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rail. The sump chamber 104 ft., and over this there 
L-shaped machinery-room, the main dimensions being 
ft. Provision has been made for electrically-operated, centrifugal 
pumps, set the floor the machinery-room. The suction 
pits are the floor the sump chamber. This sump discharges 
through 24-in. pipe into the Tenth Avenue sewer. 

The sump pit floors throughout are concrete. The side-walls 
the Seventh Avenue and Service Building sumps are concrete 
and have gravity section. The side-walls the Ninth and Tenth 
Avenue sumps are steel studs with concrete between. The inter- 
mediate floors and roofs all sumps are steel beam framing, with 
reinforced concrete slabs and concrete beam haunches. The walls 
the sumps above the floor level the machinery-rooms, and the roofs 
the sumps, are made water-tight with pitch and felt water-proofing 
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protected masonry. There are vault lights portion the roof 
the Ninth Avenue sump afford light for the machinery-room. 
There are staircases the Seventh, Ninth, and Tenth Avenue sumps 
for access sub-grade, and the openings the Ninth and 
Tenth Avenue sumps are protected reinforced concrete hoods, the 
roofs which are covered with vault lights. Trolley hanger-beams 
the machinery-rooms all sumps facilitate the erection replace- 
ment machinery, and the roofs there are hatches, with water- 
tight covers, for the same purpose. 

low-tension conduit banks, three ducts wide and 
six ducts deep, and two high-tension conduit banks, two ducts wide 
and six ducts deep, are laid the walls the tunnels under 32d and 
33d Streets east the Easterly Portion contract, one bank each 
class being laid each tunnel wall, making eight duct banks all. 
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These are continued westward below the terminal sub-grade points 
opposite the Service Building, where they are turned southward and 
connected with splicing chambers front the Service Building 
sub-station. 

low-tension conduit bank, four ducts wide and six ducts deep, 
and high-tension conduit bank, two ducts wide and six ducts deep. 
are laid the north and south walls the twin tunnels from the 
North River, making four banks all. These are connected through 
splicing chambers the tunnel portal, and thence extended eastward 
below the terminal sub-grade point opposite the Service Building, 
where they are turned southward splicing chambers front the 
Service Building sub-station. 

Two banks telephone and telegraph ducts, each three ducts 
wide and seven ducts deep, are extended either side the core-wall 
the North River tunnel portal from splicing chamber just east 
Tenth Avenue eastward below the terminal sub-grade point 
opposite the Service Building, where they are distributed through 
splicing chambers which connect through shafts, built the station 


platforms, with the pipe gallery beneath the Station Building. Con- 
nections have also been made through certain splicing chambers 
service lines Eighth and Ninth Avenues. There are splicing cham- 
bers all conduit lines intervals not greater than 400 ft., and 
otherwise where the lines change direction. 


The ducts are laid trenches excavated for the most part solid 
rock, the tops the completed banks being about ft. below sub- 
grade. The duct banks are encased brickwork above concrete 
base and completely enveloped water-proofing four-ply pitch 
and felt, which, turn, protected in. brickwork. 

The original design required that the ducts should encased 
concrete and that all water-proofing protection should concrete; 
but, was feared that the act depositing the concrete encase- 
ment would distort the duct bank alignment, and force open the 
joints, causing plugging the ducts, was determined substi- 
tute brickwork, that the entire masonry the ducts above the con- 
crete base could executed skilled labor. The very satisfactory 
result obtained justified the change plan. The splicing chambers 
have concrete floors, brick side-walls, with brick partition walls 
the double chambers, and roofs steel beams and concrete. They 
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have manhole heads cast-iron, with extension tops where required, 
and double covers. The splicing chambers are placed between the 
tracks for convenient access. They are water-proofed with four-ply 


pitch and felt, which protected in. brickwork walls and 


in. concrete roofs. The floors these manholes are drained 


pipe connections the under-drainage system. 
Standard Section Line. 
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Building the tracks and the platforms 


there are 650 columns for the support the Station Building. These 
columns bear cut granite templates steel grillages one 
more tiers, underpinned solid rock concrete piers varying 
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dimensions from ft. 104 ft. The column loads vary 
from 10.5 1658 tons. Grillage bearings were substituted for cut 
granite cap-stones where the loads prohibited economical use 
the latter. Many columns are located that their foundations form 
integral part the other substructures, the case columns 
surrounding elevator pits, hereinbefore described, and columns junc- 
tions pipe subways. Many other columns are adjacent pipe 
and trucking subways, conduit lines, splicing chambers, manholes, 
the excavation for which, account the nature the rock en- 
countered, required that column foundations excavated least 
the depth the excavation for the adjacent structures, some cases 
ft. more below sub-grade. 

The 200 columns for the support the Post Office Build- 
ing, west Eighth Avenue are located between the tracks and 
the platforms, and bear cut granite cap-stones and steel grillages 
which are underpinned solid rock concrete piers. These founda- 
tions are similar character those for the Station Building. They 
vary dimensions from ft. in. square ft. The excava- 
tion for many these was carried the bottoms the trenches 
adjacent substructures. The specifications for the substructures, 
respect materials and workmanship, not vary much from those 
quoted Appendix 


The design, fabrication, and erection the structural steel for 
the Station Building was one the most difficult problems the 
entire terminal. The work design was begun 1902, and the last 
shop were checked December, 1908. Steel deliveries began 
May, 1907, and were completed April, 1909. Erection began 
about May, 1907, and was substantially completed September, 1909. 

The first contractors for the manufacture this steelwork went 
into the hands receivers June, 1907, after delivering about 500 
tons material. They had prepared shop drawings, nearly all 
which had been checked the engineers. The receivers completed 
the fabrication and delivery about 800 tons additional. The manu- 
facture and delivery the remainder the material was re-let 
another firm contractors who found necessary, order con- 
form their shop practice, make new-shop drawings for their 
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work: thus almost shop drawings were prepared for the Station 
Building steelwork, and nearly all these were checked the en- 
gineers. 

The engineers, making the general design from which the shop 
drawings were prepared, were for several years constant consulta- 
tion with the architects, the committees and representatives the 
railroad, and the engineers charge lighting, heating, ventilating, 
and other service details, order that the steel might designed 
fit the architectural and service requirements, and the same 
time conform the prescribed clearances and permissible column 
locations track level. During the period manufacture many im- 
portant changes were made the primary arrangement certain 
tracks and features the building, and these introduced some con- 
fusion the readjustment drawings already made and occasionally 
steel already rolled fabricated. The drafting organization, how- 
ever, finally completed all revisions, and the material was properly 
fabricated and erected. 

The Station Building covers the site between Seventh and Eighth 
Avenues and between West 31st and West 33d Streets. about 
775 ft. long and about 430 ft. wide. set back about ft. from 
the house line Seventh Avenue, ft. from the house lines 31st 
and 33d Streets, and ft. from the house line Eighth Avenue, thus 
affording wider sidewalks than are customary. The facades the 
streets and avenues rise height about ft. above the curb 
the entrance pavilions, and elsewhere average height about 
ft. above the curb. The portion the structure enclosing the 
general waiting-room, the external dimensions which are 325 
119 ft., rises the form great lantern ft. above the portions 
fronting the streets. 

The cubical contents the Station Building, measured from the 
track level the average roof level, about 40000000 cu. ft. 

The exterior walls the building are cut granite, solid 
and ashlar formation, the ashlar being backed with brickwork. 

All interior walls are brick with face-brick finish, brick- 
work covered with plaster, artificial stone, marble, granite, com- 
binations these facings, according the architectural treatment. 

concrete floor and roof slabs, with beam haunches 


concrete, have been used throughout, except pitched roofs, where 
book tiles were laid. 
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The total estimated weight the building, adding all live and 
dead loads together, 463 158 700 231579 tons. 

The building superimposed over the tracks, which are spaced 
that the columns could placed between them. Owing the 
nature the problem whole, but owing particularly the rela- 
tion the building the track layout, was determined adopt, 
far practicable, the “cage” type steel structure, with sup- 
porting columns founded below track level. 

The column locations track level were fixed the track lay- 
out and clearances, which were determined advance the prepara- 
tion drawings for the Station Building; and, providing for the 
support the building walls above, unusual girder and offset column 
arrangements were required many places. 

Outline drawings the building were prepared the archi- 
tects and submitted the engineers, for preliminary determination 
column locations, floor gradients below street levels, sidewalk 
gradients, types frames for the various sections the building, 
stability cornices, and other details. 

The exact dimensions and character the building masonry 
were determined the architects from time time after the engi- 
neers’ preliminary structural studies the various sections the 
building were completed. Subsequently, the working drawings the 
steel were prepared ready for the manufacturer. 

examination the outline drawings first submitted the 
architects disclosed the fact that the station was made many 
large inter-connected buildings, more less structurally dissimilar; 
hence, for convenience and facilitate progress design, the prob- 
lem was separated into its several component parts, namely: the 
Seventh Avenue Building, the Street Building, the Eighth 
Avenue Building, the 33d Street Building, the Easterly Train Sheds, 
the Areade, the Restaurant, the General Waiting-Room, the Sub- 
Waiting-Rooms, and the Concourse. These subdivisions were sepa- 

rately assigned assistants, each charge several draftsmen, and 
the preliminary studies, final designs, and working drawings were 
prepared, several subdivisions being advanced one time, and prop- 
erly correlated. 

was determined that the tier plans should made scale 
in. per ft., which was the adopted for the working draw- 
ings tracks and all other structures, the purpose being have all 
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constructive features the terminal laid out scale which would 
permit ready comparison with the track layout. The scale adopted 
for tier plans was also adopted for sections and elevations. Typical 
details columns, girders, trusses, and important connections were 
prepared scale in. per ft. 

the preliminary studies advanced, scheme was laid down, and 
key diagrams were prepared for the guidance the draftsmen 
making the working drawings. These diagrams showed the various 
tiers, the ceiling the lantern, divided into four equal parts. 
Each these parts was numbered brown ink prominently its 
plan for ready identification. The sheets required illustrate one- 
fourth tier plan scale in. per ft. were each in., 
allowing border in. all around. The ceiling and roof tiers the 
general waiting-room lantern were divided into two equal parts. One-half 
the two tiers was shown one sheet the foregoing dimensions. 

The key diagrams indicate the section lines and their lettering, 
and these lines and letters are correspondingly shown all working 
drawings. illustrate the scope and intent the vertical sections, 
additional key diagrams were prepared which were indicated the 
cutting lines the various tiers, and these were all lettered cor- 
respond with the letters chosen for the tiers. 

Brief specifications were prepared for the guidance the de- 
signers, and each responsible assistant was provided with copy. 

The following system column numbering was adopted: The 
east and west lines columns were numbered from 100 be- 
ginning the south and running north, the ruling column number 
being the extreme westerly line, the numbers increasing eastward 
the east and west lines. There were main east and west column 
lines and main north and south column lines, and, this system, 
the approximate location any column was readily determined its 
number. Columns off the main lines were given the number the 
nearest lined column with compass point suffixes, 

Reactions were recorded, thousands pounds underscored, 
the ends all girders and trusses, also the ends all beams re- 
quiring special connections. The sizes all beams and the materials 
for all girders were noted against the pieces the working draw- 
ings. The column material was given the several column schedules. 
The material for trusses was shown typical details the same. 
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The architectural outline was shown brown ink every working 
drawing. 

agreement with the architects, was determined, except where 
the building law governed, that the distance from steel face 
stonework should not less than in., and the distance from steel 
face plaster artificial stone should not less than in. 
was also determined that the distance from the tops finished side- 
walls the tops sidewalk beams should in., and that the 
distance from the tops finished floors the tops beams should 
in., except for the floors brick-paved driveways, where the 
distance from the top the paving the tops the beams was 
in. 

The drawings prepared the engineers comprised working 
drawings (tier plans and sections), column schedules, sheets 
details, and sheets studies for revisions and additions, total 
162 drawings. Copies these drawings were submitted the 
architects for check relation steelwork masonry and finished 
wall surfaces before they were issued the manufacturers. 

Working drawings were prepared record sheets white mounted 
drawing paper, with bending-moment diagram shown thereon against 
each girder and reaction, recorded the manner previously stated. 
All the work was checked independently, and each sheet, with the 
exception its strain diagrams, was traced tracing cloth. The 
strain diagrams all trusses and bracing were entered record 
book from which the typical detail sheets these frames were pre- 
pared. 

All columns were designed support the total estimated dead 
and live loads without reduction. The effect eccentric loads was 
provided for, and effort was made throughout render the 
structure stable without dependence masonry walls. Where granite 
columns occur, however, the architects elected omit the steel columns 
which were originally designed encased them; hence, such 
points the fagades, the steelwork stops under the granite columns 
and bears top them. 

The design the ceilings the carriage driveway entrances, 
the corners 31st and 33d Streets and Seventh Avenue, required 
that the floors supported partly suspension from the roofs, 
and this rather unusual method was carried out. 
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The Seventh Avenue Building crosses the tracks the wide end 
the fan-shaped easterly approaches, and, owing the track ar- 
rangement, the lower lengths the columns were spaced varying in- 
tervals longitudinally the building, and many them were offset 
north south the superstructure columns. Owing this offset col- 
umn arrangement, the spans the girders supporting the main front 
wall and granite colonnade vary from ft. in. ft. in. from 
center center columns, and the girders vary depth from 
ft. Certain the largest girders are box-section with two web-plates. 
The granite columns bear steel grillages, which, turn, 
rest the main wall girders and longitudinal girders under the 
granite colonnade beneath the sidewalk. The column line beneath 
the granite colonnade has floors attached under the 
main entrance vestibule. provide for the general stability these 
columns, horizontal stiffening system introduced between the 
girders near the tops the columns under the granite colonnade, 
and attached the lower lengths the columns under the main 
vertical bracing system also introduced transversely 
between the girders and columns these two lines, and connected 
the columns which are provided outside the latter under the 
entrance pavilions. This vertical bracing system carried down 
the column bases. vertical bracing system also introduced longi- 
tudinally between the columns one short panel under the colonnade 
south the north carriage driveway entrance, terminating portal 
bracing above the under-clearance line. similar panel bracing 
introduced under the colonnade just north the south carriage drive- 
way entrance, and this latter system carried down the column 
bases. Struts four angles, double-latticed all sides, are framed 
between all other steel columns under the granite colonnade, longitu- 
dinally, approximately the elevation the lower floor the Seventh 
Avenue Building. 

The lower lengths the columns under the carriage driveways 
and 33d Streets are braced below the floors the under- 
clearance line tower formation. The columns the carriage drive- 
ways are intervals ft. in. from center center longitu- 
dinally, ft. from center center transversely the south drive- 
way, and ft. from center center transversely the north drive- 


way. The floors these driveways slope from the street entrances 
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the entrance the baggage-room wagonways rate more 
than 6%, and these inclined floors are framed the following manner: 
Single-web girders, 724 in. deep, are framed transversely between the 
columns, and are face-connected the latter, with the tops the 
girders about in. below the top the finished pavement. Two 
inclined longitudinal girders, with top flanges ft. in. below the top 
the pavement, are framed between the webs the transverse girders, 
thus dividing each panel transversely into three equal spans. The 
floor-beams are 15-in. about ft. from center center, framed 
across the carriage driveways, bearing top the inclined girders, 
and framed the ends the webs the horizontal wall girders, 
which are framed longitudinally between the columns suitable 
elevations receive the floor-beams and the masonry base course, 
which change elevation each panel suit the inclined floor. The 
floor-beams are stayed the intermediate girder bearings bent 
plates set the lower side the incline, and riveted the top 
flanges the girders and the webs the floor-beams near the top 
the latter. The tops the floor-beams are set in. below the top 
the pavement. 

The vaulted ceilings the Seventh Avenue vestibule and arcade 
are constructed angles suspended from the roof trusses. The ceil- 
ing angles the intersection the lunettes and the main longitu- 
dinal vault the arcade ceiling have constantly changing planes 
both directions, and the development these taxed the ingenuity 
the template maker. 

The easterly train-sheds are supported the wall columns 
the arcade shops, the columns the north wall the south carriage 
driveway, and the columns the south wall the north carriage 
driveway. These train-sheds have pitched hipped roofs, and are each 
152 ft. in. long and 115 ft. in. wide. Each has longitudinal 
monitor, ft. in. long and ft. in. wide. The portions these 
roofs adjacent the shops and driveways are depressed be- 
tween the transverse trusses for width ft. and made flat. 
There are flat connecting roofs with warped surfaces between the 
train-shed roofs and the walls the restaurants and the Seventh 
Avenue Building. 

The main transverse trusses the easterly train-sheds are the 
quadrangular type, 115 ft. long, with curved bottom chords and with 
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top chords laid roof pitch, except across the monitors, where they 
are horizontal. These trusses are ft. in. from center center, 
are ft. deep the center, and have panel points ft. in. from 
center center between the flat depressed roofs above referred to. 
The end panels adjacent these depressed roofs have solid-plate webs. 
The end connections each truss were shipped blank, and drilled 
the field, using the column connection angles templates. The 
trusses were shipped partly riveted up, with provision for two field 
splices the top chords and three field splices the bottom chords. 
The web members the six central panels were shipped loose. The 
trusses were assembled the site and completely bolted up, after which 
they were raised into position the simultaneous operation two 
independent hoists, one either side the roof structures They 
were supported temporarily their ends angles riveted the 
columns under the connection angles. The trusses were afterward 
tested for deflection, and correctly lined and leveled, after which the 
end connections were drilled and riveted. Rivets were substituted for 
bolts the truss joints after the roof structure was completely fitted 
and adjusted. Vertical sway frames, designed act purlins, 
were connected between the trusses each panel point. monitor 
frame was built top the trusses and sway frames. Rafters, 
composed two 6-in., channels, back back, attached the 
top chords the purlins, divide each roof panel into three equal 
divisions. Between and flush with the rafters 6-in. channel jack- 
rafters are framed intervals about ft. from center center. 
The depressed portions the roof are framed with 10-in. 
intervals about ft. from center center, supported the 
bottom chords the roof purlins one end, and framed the 
girders the walls adjoining buildings the opposite end. This 
depressed portion the roof covered with vault lights; the re- 
mainder the roof covered with glass skylight. 

The general waiting-room immense cathedral clerestory, 
320 ft. long and 112 ft. in. wide, from center center wall 
columns, 143 ft. from the floor the highest point the ceiling, and 
167 ft. from the floor the highest point the roof. The floor 
this room about ft. above the top rail, and pipe gallery 
floor framed beneath and above the train clearance. 

The general waiting-room enclosed elevation about ft. 
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below the highest point the roof carriage driveways the 
north and south, restaurants and arcade vestibule the east, and 
the sub-waiting-rooms and concourse vestibule the west. the 
four corners the general waiting-room structure there are stair- 
case towers, each ft. in. ft. in. from center center 
tower columns. The ceiling arched east and west between these 
towers, and divided north and south between the towers into three 
immense vaults which have been constructed bent steel beams 
suspended from channel-iron purlins framed between the trusses. 

The roof series intersecting gables, three transverse and 
one longitudinal. simple mill-building type frame was adopted 
for the lofty lantern this room, with A-shaped main and gable 
trusses, ft. and ft. deep the center, and knee-braced the 
columns. Ridge trusses, ft. long, and the full depth the 
gable trusses, are framed between the latter each transverse gable. 
Longitudinal ridge trusses, each about ft. long, and the full 
depth the main trusses and transverse ridge trusses, are framed 
between the latter. The valley trusses and groin trusses the ceil- 
ing vault intersections are framed between the ridge trusses and the 
columns. All trusses have single web systems. The rafters are 10-in., 
channels, about ft. in. from center center; bearing and 
attached the purlins which are framed between the gusset 
plates the truss panel points. 

The desired architectural effect massive walls has been obtained 
furring the interior face the general waiting-room steel 
framework, faced with stone and artificial stone, the masonry walls 
being placed the outside. This method reduced the dead load 
minimum, and provided space for pipes, and also for heating and 
ventilating ducts. 

The steel columns which support the vertical loads from the roof 
and ceiling are inside the free-standing architectural columns 
and ft. in. from the center the wall columns. The wall columns 
are directly back these free-standing columns, and other wall 
columns are introduced opposite pilasters the walls the restaurants 
and sub-waiting-rooms, below the roofs the latter, and the mul- 
lions the semicircular openings the lantern walls. These mullion 
columns are most instances offset from the lower wall columns, 
resulting the introduction heavy girders the adjoining roof 
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levels transfer the loads. Owing the relation the general 
waiting-room the tracks, certain important wall columns are sup- 
ported girders the general waiting-room floor level, and these 
girders, which are full depth between the general waiting-room 
floor and the pipe gallery floor, transfer the loads other columns 
founded track level. 

Wall beams and girders are introduced the floor tiers, ceiling, 
and roof tiers adjacent buildings, and otherwise intervals 
approximately ft. the height the wall, for the support 
the same. 

The frame the general waiting-room designed resist 
horizontal wind pressure lb. per sq. ft. the entire exposed 
surface the lantern. horizontal lateral system 
tween the main columns and the wall columns, their tops the 
east and west sides the lantern, and connected the tower 
columns and lateral system frames between the towers the 
north and south ends, thus completely banding the top. The wall 
columns back the main columns are connected the latter above 
the adjoining roofs vertical system bracing through which 
the stresses the foot the knee-braces the main columns are 
transferred; and this vertical bracing system connected its foot 
through the adjoining roof trusses directly horizontal system 
placed the roofs the sub-waiting-rooms the west, and below 
the roofs the restaurant the east. These horizontal systems 
are turn connected vertical bracing systems the wall 
frames the north and south ends the sub-waiting-rooms and 
restaurants, and the effect wind pressure the east and west 
walls the lantern thus taken the ground. 

The tower columns are braced vertically and also transversely 
every tier above the adjoining roofs, and the end columns the towers 
and the intermediate columns the north and south walls are con- 
nected horizontal trusses built through the roof trusses the 
attics over the carriage driveways. Two panels, each vertical brac- 
ing and portal bracing, between the east and west wall columns, about 
midway the wall lengths, north and south the arcade and con- 
course vestibules, are provided transfer the ground the effect 
wind pressure the north and south ends the lantern. 


All wall columns the lantern are designed resist wind pressure 
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addition vertical loads, and all are connected the top and 
bottom, described above, the horizontal systems. 

The effect wind from any direction the main frame the 
lantern was determined and provided for. 

The erectors chose build timber trestle from track level 
roof level inside the general waiting-room columns, the purpose 
being use first for the erection the steel and masonry and 
afterward scaffolding from which finish the ceiling and interior 
walls. 

The erection the lantern the general waiting-room was not 
permitted until the surrounding sub-waiting-room, restaurant, and car- 
riage driveway structures had been erected, plumbed, and fitted up, 
the horizontal systems below their roofs, provided 
above described, band the foot the lantern structure. The roof 
trusses were shipped knocked down, and were assembled position 
blocking above the trestle, bolt being fitted into every hole 
each joint. After the roof was completely fitted up, lined, leveled, 
measured, and correctly adjusted, rivets were substituted for bolts 
all joints. 

The concourse roof was unique and unusual structural problem. 
made three barrels, the two outer ft. in. span 
and the center barrel ft. in. span, running east and west and 
intersected cross-barrel ft. span running north and south, 
thus forming, over the main concourse floor, series three groined 
vaults supported steel columns. The concourse roof columns, east 
and west, are intervals ft. in. from center center for the 
two bays west the groined roof, and ft. in. from center 
center for the single bay east the groined roof. 

The main roof structure abuts the sub-waiting-rooms the 
east, and banded lower roof, constructed series Guasta- 
vino and steel-framed vaults, the other three sides, which, turn, 
connect the surrounding buildings. The architectural effect 
these latter roofs, enhanced small steel arches framed between 
the columns below the Guastavino vaults. 

The engineers’ original design for the concourse roof provided for 
exposed ties the outer barrels the springing line, all parts 
riveted, but, owing the desire the architects omit all ex- 
posed ties, the more expensive cantilever arch type, anchored 
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the surrounding structure, was adopted for the arches, and single- 
web trusses with arch effect below the finished roof line, and with 
the remainder the trusses extended above the roofs and forming 
monitors their intersections, were adopted for the groins. 

After the static determinations were completed, the effect tem- 
perature was analyzed and provided for all anchorage details. 

The main columns are ft. square, and some these have 
unsupported length ft. in. They are made four 
8-in. angles, double-latticed all four sides, with double-latticed 
diaphragms, placed horizontally, intervals about every ft. 
the height the columns, and provided with riveted bases which 
have vertical diaphragms. The tops these unsupported lengths 
columns have unique details for splicing the upper lengths, which 
latter are built with branches arranged fit the arch trusses the 
tops and designed continue the intrados each arch the cap 
the lower lengths the columns. The column splice detail referred 
was arranged that the upper length columns could slipped 
over and take bearing the cap the lower length. The 
rivets these splices were driven the aid hand-holes the 
upper lengths the columns, and neatly-made plates were tapped 
the columns flush with their faces after the riveting was 
completed. 

Each half the main cantilever arch trusses was shipped two 
sections, with field splices both top and bottom chords located the 
panel the column side the anchorage tie connection. the 
crown joints in. play was left between the two complete halves 
each arch truss, and fillers were provided for adjustment between 
web connection angles. The main arch trusses throughout the 
structure have double web systems, with solid plates the panels 
near the crown, and double intersecting angle diagonals and double 
angle radial members the remaining web panels. The bottom 
chords are double-laced between the panel points angle lacing, with 
angle struts transversely each panel point. The top chords are 
covered with riveted plates. The web systems these trusses are 
about ft. from center center; the trusses are about ft. deep, 
from back back angles the crown, and have depth about 
ft. in., from back back angles measured radially the 
highest point the column attachment. ties, with vertical 
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strut supports above the columus, are framed between the center and 
outside cantilever arches the three east and west barrels, with 
attachment the top chord the arch trusses the quarter points. 
Triangular frames, with similar attachment the arch trusses, also 
attached the columns the north and south building walls, and 
strutted back against the concourse columns above the 


dome roofs, form the terminal anchorages the outside arches 
the east and west barrels. Between the columns which support the 
three east and west barrels, small double-latticed ornamental arches 
with two webs are framed just above the lower lengths the columns. 
Above these arches system double-latticed struts, with two webs 
and ornamental portals, hold the upper lengths the columns rigidly 
together. The main cantilever arches the north and south intersect- 
ing barrel were made two halves, and each half was shipped 
two pieces, with field splices the third panel above the columns. 
The anchorage ties for these arches are attached much nearer the top 
than the case the other arches hereinbefore described. The 
stresses from these ties are transmitted through the frames the tops 


the opposite columns, and thence through the triangular terminal 
anchorage frames the columns the Eighth Avenue Building, 
and the west face the concourse roof, the one hand, and 
through the medium frames built between the sub-waiting-room 
roof trusses into the columns the east face the concourse, and 
the west wall the general waiting-room, the other hand. 

The intermediate columns, placed the mullions the tympana 
the vertical faces the main concourse roof, have slotted con- 
nections their tops the bottom chords the cantilever arches. 

The diagonal trusses the groined intersections are about ft. 
deep the apex joints and about ft. in. deep, measured radially, 
the knuckles the top chords. trusses have redundant 
members order give the desired arch effect below the roof 
line. They were shipped knocked down, and were assembed the 
site, bolt being fitted every field hole, after which they were 
raised into position. One diagonal truss each panel was assembled 


complete and designed support the two halves the opposite 
diagonal truss which were framed the apex joint. Between 


the main truss panel points 12-in. purlins are framed, and 


are banded two equally-spaced steel plate and angle trough gutter 
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ribs riveted the top flanges the each bay. The 
skylight frames bent T’s are mounted on, and riveted to, these 
gutter ribs. 

All arches were completely assembled and fitted the shop before 
shipment. half the diagonal trusses was similarly assembled 
and fitted the shop. All parts the roof were joined together 
the field without difficulty, except the apex joints between the 
diagonal trusses, where was necessary substitute some new gusset- 
plates and drill the connections the field. This was undoubtedly 
due slight inaccuracies shop work, which might not have been 
apparent less complicated roof. 

the main concourse floor level, timber platform was erected, 
and three tower travelers were mounted. The roof was erected 
with these travelers. Tower props, each cbout ft. square, were built 
from the timber platform for the support the apex joints the 
diagonal trusses pending their adjustment. 

The erection the concourse roof was not permitted until the 
surrounding structures which was anchored had been completely 
erected. The terminal anchorages, with the corresponding halves 
the cantilever arches the two outer barrels the three-barrel 
formation, were first erected, and were held derrick hitches from 
the travelers until the intermediate column and cantilever arches were 
placed. The groined intersecting barrel was erected after the re- 
mainder the roof frame had been set up. After the columns had 
been plumbed and the roof structure lined, leveled, measured, and 
completely fitted up, all joints were riveted, the first portions com- 
pleted being the three east and west barrels; the final closure was 
made the north and south intersecting barrel. 

The roof and all other portions the Station Building 
were riveted without expansion joints. The effect temperature 
during the erection the steelwork the Station Building was 
provided for selecting certain definite lines adjustment, namely: 
the north side the columns the north wall the 31st Street 
Building, the south side the columns the south wall the 
Street Building, the east side the columns the east 
side the Eighth Avenue Building, the west side the columns 
the west wall the general waiting-room, and the east side 
the columns the east wall the general waiting-room. 
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these cases the connecting pieces were either shipped blank 
and drilled place, connection angles were made from field 
measurements, according the type connection. Fillers were also 
provided where required. the portion the concourse 
floor connecting the main roof columns was not permitted until 
after the roof had been riveted up. 

All columns were set accurately and all work was laid out with 
true relation the governing axes the principal architectural 
features. Each feature the structure was completely fitted up, 
plumbed, and measured before riveting was permitted. 

The many heavy columns developed riveted base details very 
complicated character, oftentimes difficult manufacture, particularly 
regards the fit the base stiffener angles. some instances, 
the removal these for lack fit would have required rebuilding 
entire column lengths. The manfacturers, therefore, were permitted 
substitute slab bases, planed top and bottom, with riveted wing 
plates and base angles, producing very satisfactory detail. The slabs 
vary from in. thickness. series tests was made the 
mill determine the permissible stress for the slabs, and 
per sq. in. was adopted, the tests showing elastic limit and ultimate 
strength equal the manufacturers’ standard material. 

The manufacturers divided the structure into twenty subdivisions, 
numbered from C-2000 inclusive, and all shop drawings 
were identified the mark the subdivision which they illustrated; 


the material was similarly identified during manufacture, shipment, 
and erection. 


addition designing the steelwork and checking the shop draw- 
ings, the engineers maintained general oversight the manufacture, 
kept records the progress the same, estimated the weight 
every piece material for comparison with the weight, kept 
records shipments and deliveries, and supervised the erection. 

Extracts from the specifications for the manufacture the Sta- 
tion Building steel are given Appendix 


PLATFORMS. 


All platforms are reinforced concrete slabs, varying thickness 
the center from in., spanning between the 16-in. concrete 
side-walls, and overhanging the latter ft. in. each edge, which 
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in. thick. The overhanging edges have coved soffits in. 
radius. 
Two intermediate bearing walls concrete, each in. thick, divide 
the slab the wide platform No. into three equal spans. 
The top surfaces the platforms have granolithic finish, jointed 
squares about in. side, and stippled avoid slippery 
tread. 
Exposed wall surfaces were rubbed after the forms were removed. 
The platforms were designed support live load 300 lb. per 
sq. ft. The slabs are reinforced transversely with steel equal area 
0.007 the area the concrete, and also reinforced longitudinally 
with the same percentage steel resist temperature stresses. 
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The reinforcement plain square rods, in. from center 
center transversely and in. above the bottoms the slabs, with 
overlapping set rods extending into the overhangs near the tops 
the slabs. 

The longitudinal rods are staggered, one set being placed just 


over the bottom set transverse rods and the other near the tops the 


slabs and about in. from center center. The supporting walls are 


plain The platform concrete composed part Port- 
land cement, parts sand, and parts broken stone clean gravel 
which would pass through ring. The granolithic top dressing 
in. thick, and made part Portland cement and parts 
sand, hand-floated, trowelled and having stippled finish. 


The platforms have numerous openings for elevators, and are fitted 


with hatches over the elevator pressure tanks. These openings and 
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hatches are framed steel. The hatch covers are thin reinforced 
concrete slabs finished like the remainder the platform surfaces. 

Openings for the installation signal apparatus, openings for 
ventilation, fitted with wire screens cast-iron frames, and openings 
for access, each fitted with two wrought-iron swing doors hung re- 
bated cast-iron frames, were built into the side-walls the platforms. 

Bronze sockets with hinged covers were built into the platforms 
along curved edges intervals ft. receive posts pipe railing 
the latter required when the platforms are service. Bent 
wrought-iron pipe anchors, threaded for bolts, were built into the 
overhanging edges the platforms curves intervals ft. 
from center center provide for the attachment wooden edge 

The spaces under the platforms are used pipe galleries for longi- 
tudinal service lines distributed between the pipe subways; and pipe 
sleeves were built into the platform walls for service taps the adja- 
cent tracks. 

There are weep-holes through the platform walls sub-grade, for 
drainage. The platforms were built sections, each about 
ft. long. Their total area 244270 sq. ft. 


Base Lines 


may prove interesting observe that New York City blocks are 
not exact parallelograms, although the errors are small that the 
irregularity only observable the records. 

The center line the terminal east and west, while apparently 
coincident with the center line 32d Street, not exactly so, but 
rather average adjustment the direction the center lines 
and 33d Streets, both opposite the terminal and for blocks east 
Seventh Avenue and west Tenth Avenue. This main base line 
was determined the ground, and permanently monumented. Parallel 
base lines, east and west, well transverse base lines, north and 
south, 100 ft. apart, were established, and all working drawings were 
related thereto. 

profile grade line for the top rail was established connec- 
tion with the necessary tunnel grades east and west the terminal. 
understanding was reached with the engineers the city, which 
fixed the surrounding curb grades the streets, and these were made 
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conform with existing street construction reduced practicable 
mathematical lines. 

Bench-marks were established from time time, found nec- 
essary. The datum plane conforms with that all the other con- 
struction work the company, 300 being practically mean high 
water the harbor. 


ORGANIZATION. 


George Francis, Am. E., acted the engineering 
executive for Westinghouse, Church, Kerr, and Company, with Joseph 
O’Brien, Am. E., Resident Engineer directly charge 
the design and with engineering supervision the construction. 

Westinghouse, Church, Kerr, and Company reported directly all 
work, excepting the steel for the Station Building, George Gibbs, 
Am. Soc. E., Chief Engineer Electric Traction and Station 
Construction the Pennsylvania Tunnel and Terminal Railroad 
Company. 

engineers and draftsmen headquarters designed the 
work herein described and another corps was maintained the field 
for engineering service execution. The following persons were 
connected with the engineering department, and performed faithfully 
the duties entrusted them: 

Am. Soe. E., Nial, Assoc. Am. Soe. E., and 
Hunt, Assoc. Am. Soe. 

William Webster, Am. Soc. E., was employed care for 
the mill and shop inspection the steelwork. 

All inspectors the various items work were under the super- 
vision the engineers. 

The designing the steel for the Station Building was done 
Westinghouse, Church, Kerr, and Company, under engineering en- 
gagement with McKim, Mead, and White, the Architects. 
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APPENDIX 


Cement.—All cement used the work shall Portland cement 
furnished the Railroad Company accordance with conditions 
Article the contract. 

Sand.—Sand for mortar concrete shall coarse, sharp and sili- 
cious, not containing more than 1.5 per cent. mica, loam, dirt 
clay, all combined, and equal quality the best Cow Bay 
sand. required the Engineers, shall screened. 

Broken rock excavated from the work may used 
hard, and practically free from mica. sufficient 
amount obtained from the work, sound trap hard limestone 
must furnished. Gneiss from other localities will not accepted. 
The rock must clean when delivered the crusher. shall 
broken machine and screened rotary which will remove 
all dust and fragments, which will pass through hole inch diam- 
eter, and all pieces which will not pass through hole one and one-half 
(14) inches diameter; all fragments between these limits will 
retained. special cases, hereinafter specified, the maximum size 
will that which will pass through hole inch diameter. 

Mortar and Grout.—In proportioning materials for mortar, grout 
and concrete, one volume cement shall taken mean three 
hundred and eighty (380) pounds net, one volume sand broken 
stone shall taken mean three and one-half (34) cubic feet packed 
shaken down. Sand and broken stone shall measured barrels 
rectangular boxes. Measurements wheelbarrows will not per- 
mitted. 

preparing mortar for brick stone masonry, the specified 
amounts cement and sand shall first mixed dry uniform 
color. The water shall then added such manner not wash 
out any the cement and the mixing proceeded with until the mortar 
thoroughly mixed and uniform consistency. 

Grout will generally the proportion one (1) part cement 
one (1) part sand volume. The materials shall thoroughly 
mixed dry and water then added while the mixing proceeds, until the 
grout the required consistency. The mixing shall continued 
vigorously, preventing the separation sand, until the entire amount 
mixed used. Grout shall used about the imbedded steel for filling 
small voids wherever concrete cannot properly used and wherever 
required the Engineers insure tight work. 

Masonry—Concrete.—Concrete for abutments and masonry tunnels 
shall the proportion one (1) part cement two (2) parts 
sand and four (4) parts broken stone volume. All other con- 
except that required for grillages, concrete steel floor plates, and 
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base granolithic, shall the proportion one (1) part 
cement two and one-half parts sand and five (5) parts 
broken stone volume. The concrete for grillages and concrete steel 
floor plates shall the proportion one (1) part cement two 
(2) parts sand and four (4) parts broken stone that will pass 
through hole inch diameter. 

Whenever practicable, concrete shall machine mixed. The mix- 
ing machine shall rotary mixer and pattern that will mix 
the batches and permit the definite measurement the 
materials for each batch. When the Engineers consider imprac- 
ticable mix machine, may mixed hand follows: 
The mixing shall done platform boards planks securely 
fastened together. The mortar shall first made hereinbefore 
specified. The broken stone previously wetted shall then added and 
the mortar and stone turned over with shovels until the mortar 
uniformly distributed through the mass and every stone coated with 
mortar. 

The degree moisture for mortar, grout and concrete shall 
all times required the Engineers their Inspector; general, 
mortar shall plastic, grout shall fluid enough pumped, and 
shall such consistency that will quake when being 
deposited, but not wet enough cause the mortar separate from the 
mixture. 

Concrete shall deposited the work such manner not 
cause separation mortar and stone. shall laid quickly layers 
not exceeding nine (9) inches thickness and thoroughly rammed with 
rammers such form and material the Engineers may approve; 
special shaped rammers will required for corners and other places 
where ordinary rammers would not effective. Compact, dense con- 
crete must obtained with all the voids between the stones filled with 
mortar. voids are discovered any time, the defective concrete 
shall removed and immediately replaced concrete such mixture 
and such manner the Engineers may direct. 

Contraction joints concrete formation shall made where the 
Engineers may require them. Where columns limit the thickness 
“eoncrete” face, the cement mortar used conjunction with metal 
reinforcement measured and paid for concrete only. 

When the placing concrete suspended, the Engineers may 
require joint formed manner satisfactory them, that 
the fresh when added, may have bond. Before depositing 
fresh concrete, the entire surface which laid shall 
cleaned, washed, brushed and slushed over with grout cement with- 
out sand. 

The surface freshly laid concrete shall protected from injury 
such manner and for such time the Engineers may require; con- 
injured any manner shall removed. 
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Water used mortar, grout and concrete shall clean fresh 
water. 

mortar, grout concrete which has commenced set shall 
used anywhere the work. Re-tempering mortar grout which 
has commenced set will not permitted. 

Forms for conerete shall substantial and must preserve their 
accurate shape until the concrete has set. Where the concrete will 
show the finished work, the face the form shall built matched 
and dressed planking finished truly the lines and surfaces shown 
the plans. Adequate measures will taken prevent the adhesion 
mortar the forms. Forms which have become warped distorted 
shall immediately replaced. All forms whatsoever nature required 
for work shall furnished, erected and removed the Con- 
tractor whose price for concrete per yard must include the cost the 
forms required. 

Contractor shall not remove forms for concrete work until the con- 
crete has set the satisfaction the Engineers. Any forms left 
the work direction the Engineers shall paid for the 
thousand (1,000) feet, board measure, the completed form measured 
the work. 

Faces which will show the finished work shall true the form 
intended and shall wholly smooth, free ridges and cavities, due 
shortage mortar the face. 

Exposed faces shall have facing mortar two (2) inches thick 
deposited simultaneously with the corresponding layers concrete and 
separated from the concrete metal diaphragm approved form. 
After the mortar and concrete have been deposited, the diaphragm 
shall removed and the materials well worked together spading 
and tamping, insure their bonding. places where this 
method cannot used, the under surface arches, the same end 
shall attained methods satisfactory the Engineers. Plastering 
the face after removing the forms will not permitted unless otherwise 
provided. The facing mortar shall the same composition the 
mortar used the concrete back same. 

Rock surfaces shall thoroughly washed and cleaned before con- 
crete deposited against them. surfaces shall wetted and 
compacted ramming immediately before depositing concrete thereon. 

leaks appear the surface the concrete any time after 
removing the forms, the Contractor shall remove the concrete through 
which the water passes and replace with sound concrete and shall 
stop the leakage conduct the water the floor the tunnels through 
channels pipes the concrete, take such other measures the 
Engineers may require. 

The rough under grillage seats shall brought 
within two and one-half inches the underside the grillage 
bearing plates and shall then top dressed with two (2) 
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inches thick, leaving joint made not over inch thick between 
the top surface the Granolithic and the underside the grillages. 

shall laid solid concrete basc, and shall have 
two (2) inches total thickness. The base this shall 
one and one-half (14) inches thick, made proportions one (1) 
part cement, two (2) parts sand, and four (4) parts broken 
stone, the maximum size which will pass through hole inch 
diameter. This base shall carefully laid and screeded place 
insure level top surface. Upon the base prepared, the Contractor 
will lay top dressing grout inch thick. This grout shall 
hand floated and troweled smooth give durable and true top surface. 

Terra Cotta Block terra cotta blocks used for the back- 
ing waterproofing behind the abutments, shall hollow, porous, terra 
cotta partition blocks. blocks must burned that their 
walls will absolutely porous. 

Samples the terra cotta blocks used the work must 
submitted the Engineers before they are purchased the Con- 
tractor, and all the blocks used the work must sound, true 
mold and conformity with the sample selected the Engineers. 

Terra cotta blocks shall laid far possible their smaller 
beds that the hollow space may continuous vertically. Joints 
shall broken every fourth course shown the drawings. The 
blocks shall laid mortar made one (1) part Portland Cement, 
one (1) part best Rockland lime and three (3) parts sand. The bed 
joints shall buttered and the work shall laid with such care 
that mortar will not accumulate the holes the blocks. The Con- 
tractor shall keep the hollow spaces clean the satisfaction the 
Engineers. Joints shall not over thick and shall struck with 
trowel. 

Granite and Granite pier caps, templates and ped- 
estals, where shown and required drawings, shall cut 
granite. 

Granite must strong, sound, compact, moderately fine grained, 
uniform quality and appearance, and free from any defect which 
the judgment the Engineers may impair its strength and durability. 

The bottom bed shall always the full size the stone and 
stone shall have overhanging top bed. 

The stones shall cut the dimensions shown drawings. 

The face lines each stone shall true, and the rise fixed 
the face line shall not vary anywhere inch from 
the true rise shown the drawings. 

The upper and lower beds shall truly parallel. The lower bed 
shall have depression within six inches the face and none ex- 
ceeding one inch depth nor more than six inches its greatest 
dimension over the remainder the bed. Depressions more than 
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in. below the true plane shall never exceed over the area for 


the bed. 

Vertical joints shall cut exact lines the upper bed face and 
for inches back from the face the lower bed. The remainder 
the joint shall cut conform the requirements for the lower bed. 

The upper bed face and lower bed (of pedestals under girders) for 
distance six inches back the face shall bush-hammered, six- 
cut with true lines and surfaces. 

The upper bed and the lower bed pier caps and templates for 
six inches back from the faces shall bush-hammered, 
six-cut with true lines and surfaces. 

These pier caps and templates shall have rock faces. grab hole 
lewis hole shall made the bed face any stone. 

Stones shall set full beds mortar containing volume 
cement volumes sand. All stones must carefully cleaned 
and wet before setting. 

stone shall laid freezing weather, except with the express 
permission the Engineers, and under such conditions they may 
impose secure immunity from injury freezing. 

Joints shall caulked temporarily with oakum rope yarn and 
filled with thin mortar the same composition used for beds well 
worked with sword completely fill the joints. 

All the joints shall cleaned out depth inches and 
pointed mild weather with mortar containing one volume 
cement two parts sand, mixed with small proportion water 
and driven into the joint with calking iron. 

All granite masonry foundation walls shall built dimension 
stones laid full and sufficient bed Portland cement mortar 
made proportions one volume cement volumes sand. 

All joints thoroughly filled with cement and carefully chinked 
with slate spalls. 

All stones derrick laid and joints exceed two (2) inches 
thickness. 

All joints shall thoroughly broken shown the drawings. 

The measurements all granite and granite masonry will taken 
the draft lines and allowance made for rock 
face. 

Vitrified Conduits for Electric vitrified conduits for 
electric cables shall manufactured the best clay, thoroughly 
burned, sound all respects, straight and free from splits, fractures, 
soft spots, stones, cracks blisters tending impair their strength 
durability. They shall thoroughly and completely glazed with good 
salt glaze. The interior surfaces the duct holes shall smooth and 
free from any projections imperfections which may tend strip 
the lead coating from the cable when pulled through the duct. 
The ends shall cut smooth and square with the axis. Ends holes 
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shall slightly bell-mouthed. When conduits are cut special 
lengths, the cut end must dressed with chisel and rasp until the hole 
slightly bell-mouthed and has smooth edges. 

Conduits shall whatever form and pattern the Engineers may 
require, either single multiple duct conduits. the four-way con- 
duits, dowel holes are formed each end for truly centering the 
sections when laying. The standard length single-duct conduits 
shall eighteen (18) inches and four-way conduits thirty (30) 
thirty-six (36) inches, the Engineers may determine from the sam- 
ples submitted. The lengths must not vary from the standard more 
than inch. The duct holes single-duct conduits shall not less 
than three and one-half (34) inches nor more than three and seven- 
eighths inches diameter, square with corners rounded; the 
outside walls and webs shall inch thick. The outside dimensions 
four-way ducts shall not exceed nine and one-half inches side. 
The conduits shall square outer lines with corners rounded. 

The adopted sample sections conduits exhibited the office the 
Engineers shall represent every way the conduits furnished 
the Contractor. 

The conduits shall laid about inch beds mortar and 
perfect alignment and grade throughout. The vertical joints between 
conduits shell filled with mortar and the concrete carried 
layers the conduits are laid. Dowels with central washer shall 
provided the Contractor and placed every dowel hole. wooden 
mandrel four (4) feet long, the center dimensions which are inch 
less than the bore the conduits, the end dimensions which are 
inch less than the bore the conduits, shall threaded through each 
hole after the conduits have been bedded place, and the Engineers 
may require the Contractor thread the mandrel through second 
time. spring steel tube scraper with flue brush behind it, other 
device approved the Engineers, shall attached the end each 
mandrel and used remove all foreign matter from the ducts. All 
ducts must thoroughly cleaned the satisfaction the Engineers. 

Butt joints conduits shall broken every tier half the length 
the section, may specially required the Engineers. Every 
joint the four-way conduits shall lapped around with two (2) 
thicknesses and six (6) inches overlap No. cotton duck canvas six 
(6) inches wide, three (3) inches each abutting section, saturated 
with neat cement grout immediately before placing. These laps are 
doubled curves. Single-duct conduits are lapped curves 
only. 

Short sections conduits shall used manholes only effect 
proper bond and closures. These short sections shall cut cleanly 
and truly square across without splitting the ducts. four-way con- 
duit section shall cut less than twelve (12) inches long, and single 
conduit section shall cut less than nine (9) inches long. 
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Paraffined wooden plugs shall furnished the Contractor and 
placed the free ends all ducts when work discontinued and shall 
left place. 

conduits shall measured the work and the unit price 
shall dowels, canvas lapping and paraffined plugs. 

Manholes will built intervals and accordance with plans 
furnished the Engineers. Iron manhole castings and covers, doors 
and other details shown the plans shall supplied and set 
place the Contractor. 

One No. and gauge galvanized iron wire shall placed, 
pulled and left each duct from manhole manhole. 

Conduits will enveloped waterproofing laid around the en- 
casing concrete where shown drawings, and the manner herein- 
after specified under “Waterproofing.” 

Wrought Iron Pipe for Electric iron pipes are re- 
quired ducts, they shall standard wrought iron, lap- 
welded pipes, three and one-half (34) inches diameter inside. 

Bent pipes shall free from distortion cross-section, and the 
bends shall not vary anywhere more than one (1) inch from the form 
required. 

The ends pipes shall smoothed and rounded with file the 
inner edges, not injure the lead covering the electric cables, 
when drawn through. Paraffined wooden plugs shall furnished 
the Contractor and placed the free end all ducts when work 
discontinued and shall left place. 

intended that the interior water-proof 
structures shall permanently free from moisture discoloration due 
the water other liquids from outside sources. This 
end shall attained means continuous flexible water-proof 
sheet surrounding the exterior the structures (as shown draw- 
ings). 

Pitch used shall straight run coal-tar pitch, which shall soften 
degrees and melt 100 degrees F.; being grade which dis- 
tillate oils distilled therefrom shall have specific gravity 1.105. 

The felt shall “Hydrex” felt manufactured Bird Son, 
East Walpole, Mass., felt equally satisfactory the Engineers. 

Pitch, when applied, shall temperature not less than two 
hundred fifty (250) degrees The pitch shall mopped the sur- 
face the masonry uniform thickness not less than inch. 
Each layer pitch must completely cover the surface which 
spread without cracks blowholes. The felt must rolled out into 
the pitch while the latter still hot and pressed against 
insure its being completely stuck the pitch over its entire surface. 
Great care must taken that all joints the felt are well broken, and 
that the ends the rolls the bottom layer are carried the 
inside the layers the sides, and those the roof down the out- 


a 
| | | 
} 
| 


622 PENNSYLVANIA TUNNELS: TERMINAL [Papers. 


side the layers the sides, secure the full laps herein 
specified. 

Waterproofing must protected against injury all times the 
satisfaction the Engineers. 

Any waterproofed structure that found leak any time prior 
the completion this contract shall made tight the Contractor 
manner satisfactory the Engineers. 

Waterproofing shall consist six (6) layers felt and seven (7) 
layers pitch alternating, each strip felt lap not less than one (1) 
foot upon the previously laid strip and each section waterproof 
sheet shall lap least one (1) foot with the adjoining section. 

Waterproofing will measured the square one hundred (100) 
superficial feet and paid for 

Erection steel will furnished the Railroad Com- 
pany, delivered North River dock situated between West 29th 
and West 39th Streets, inclusive, Borough Manhattan, New 
York. The Contractor shall receive the steel delivered and trans- 
port the site the work. 

Contractor shall erect all the structural steel shown required 
drawings and paint the same the specified number coats paint, 
and shall set all anchor bolts and all field riveting required. Before, 
during erection, all material shall laid skids above the ground 
material. Any piece showing the effects rough handling shall 
repaired replaced the Contractor his own expense. 

Contractor shall furnish all equipment necessary and shall furnish 
and build all false works required for the proper erection the steel 

All grillages shall set, filled and encased Portland Cement 
concrete and grout (prior the erection the superimposed steel 
work) the exact lines and grades given the Engineers. Grillages 
set shall maintained true position the Contractor, and 
steel work shall placed upon the same until the Engineers direct. 

The floor plate which rests the plate girder bridging shall consist 
rolled steel beams imbedded shown the drawings. 
The bottom layer concrete shall laid place the Contractor 
before the floor beams are erected. The beams may varying 
lengths, not less than twelve (12) nor more than thirty (30) feet long, 
and they shall spaced shown the drawings, breaking joints 
every six (6) eight (8) beams. All these beams must straight 
and clean when laid place. 

tivets shall one inch diameter unless otherwise shown 
the drawings. They shall have full hemispherical heads and shall com- 
pletely fill the holes and true and perfect every way. Any loose, 
burned otherwise defective rivets discovered any stage the 
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work shall cut out and replaced the Contractor. Field rivets 
shall driven pneumatic riveters wherever possible. 

Slight misfits incidental all erection, requiring reaming unfair 
holes, ete., shall not considered extra work. 

All the steel work concrete except columns, and 
except hereinafter specified, shall not painted. The Contractor 
shall remove all dirt filth which may found the steel delivered 
him prior erecting the same, the satisfaction the Engineers. 
shall also clean all steel work which may otherwise damaged 
after delivery him. After erection, all steel work except grillages, 
floor plate, and those portions plate girders imbedded concrete, 
shall receive three (3) good coats graphite paint colors 
selected the Engineers, one (1) coat “Tockolith” and two coats 
No. paint; each coat allowed dry before another 
coat applied. These three (3) final coats shall applied imme- 
diately before erecting the girders, surfaces which will not accessi- 
ble after erection. 

Graphite paint used the work shall Dixon’s Silica 
Graphite Paint, manufactured Joseph Dixon Crucible Company, 
Jersey City, J., other graphite paint equal quality and satis- 
factory the Engineers. 

“Tockolith” used the work shall the Portland Cement 
paint that name manufactured Toch Brothers New York City. 

paint shall the paint that name manufactured 
Toch Brothers, New York City. 

The vehicle the above graphite paint shall boiled linseed oil. 
adulterated thinner oils shall used. The boiled linseed oil 
must absolutely pure, containing matters volatile two hundred 
(200) degrees current hydrogen; shall not contain any resin 
manganese and shall perfectly clear upon delivery, and stand- 
ing deposit should form, providing the oil kept temperature 
forty-five (45) degrees The film left after flowing the oil over 
glass and allowing drain vertical position must dry the 
touch after twenty-four (24) hours. 

painting shall done wet freezing weather and paint 
shall applied damp surfaces, surfaces which are not thoroughly 
clean dry. 
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APPENDIX 
STEEL. 


Proportion Parts—No material shall used less than 
inch thick, except that lattice bars sway bracing may 
inch thick, and except may required for lining and filling. 

The various parts the structures (except the 9th Avenue via: 
duct) are proportioned sustain the following unit strains given 
pounds per square inch. 

Tension 17,000 lbs. (net section). 

For determining the net sections, rivet holes are assumed 
inch diameter than the cold rivet. 
17,000 Ibs. 

Wherein the length the member inches and the least 

radius gyration inches. 


combination stresses shall exceed 17,000 lbs. per square 


Compression 


Shear webs plate girders (gross lbs. 
Shearing strain rivets shall not exceed......11,000 


For field connections the number rivets thus found shall in- 
creased per cent. driven hand, but increased per cent. 
driven power. 

The various parts the 9th Avenue viaduct are proportioned 
sustain the above unit strains for all loads excepting the reactions 
the base the Elevated Railroad pillars for the support which the 
parts the viaduct affected thereby are proportioned sustain the 
following unit strains given pounds per square inch: 

Tension 9,000 lbs. (net section). 

For determining the net sections, rivet holes are assumed 

inch greater diameter than the cold rivet. 

Compression 9,000 Ibs. 

Reduced Gordon’s formula using factor safety 
Sheer Webs Plate Girders, 7,500 lbs. 
Rivet Bearing 15,000 lbs. 
Shearing Strain Rivets 7,500 lbs. 


For field connections the number rivets thus found shall 
25%, driven hand, but increased 10%, driven 
power. 

All girders shall have sufficient number end stiffeners 
transmit vertical shear into the web, and all rivets these end stiffen- 
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ers shall counted upon take this vertical shear. Intermediate 
stiffeners shall used points superimposed concentrated loading. 
Rivet pitch for stiffeners shall not exceed inches. Stiffeners shall 
used all girders, the webs which are less thickness than 
their unsupported depth, also all girders the webs which 
sustain greater load than allowed the following formula: 


11,000 
3,000 
which 
equals allowed strain per square inch section, 
equals unsupported depth web inches, 
equals thickness web inches. 

Intermediate stiffeners shall spaced not more than feet apart, 
usually intervals equal the depth the girder, and shown 
detail drawings. 

Girders which carry masonry arches shall provided with shelf 
angles required drawings. 

shearing strains and bearing strains web rivets 
plate girders the whole the shear acting the side the panel 
next the support considered transferred into the flange angles 
distance equal the depth the girder. 

Where cover plates are used, one cover plate must full length 
girder top flange where shown noted. 

Girder bearing plates are proportioned that the pressure upon 
the bridge seat shall not exceed 400 pounds per square inch, except 
for the 31st Street and 33rd Street viaducts where they are propor- 
tioned for 250 pounds per square inch. 

Base plates columns are proportioned that the pressure upon 
the cut granite cap stones shall not exceed 750 pounds per square 
inch. 

The pitch rivets shall not less than three diameters the 
rivet, not greater than four diameters rivet end panels and not 
greater than six inches single rows inches alternating, any 
ease. the end columns the pitch shall not exceed four diameters 
the rivet for length equal twice the width the column. 

The distance from the center rivet hole the rolled edge 
any piece must not less that times the diameter the rivet 
and ease less than inches and not greater than times the 
thickness the thinnest plate. 

Rivet grip shall not exceed five diameters the rivet. 

Countersunk rivets shall assumed have the value rivets 
having full heads. 

The compression flanges plate girders have been designed 
same section that determined for tension flanges. 
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Columns and girders shall not spliced without the approval 
the Engineers unless shown the drawings. The webs plate 
girders must spliced all joints plate plates each side 
the web. 

Due account must taken the fact that the girders under and 
east 7th Avenue have been designed that their web section 
included the area the flange. 

The abutting joints columns which are spliced must milled, 
and the splices must symmetrical and sufficient maintain the 
parts accurately contact and against tendency displacement. 

required splice flanges girders, such splices must de- 
velop the full strength the abutting sections. 

riveted work shall sub-punched and reamed 
inch larger than the diameter the cold rivet, and when the 
pieces forming one built member are put together the holes must 
truly opposite, and any burr due reaming must removed. Material 
more than inch thick shall drilled. 

All holes for field connections shall accurately drilled tem- 
plate reamed while the connecting parts are temporarily put to- 
gether. 

Rivets shall and one inch diameter, required 
drawings. They shall have full hemispherical heads except where 
countersunk, and shall completely fill the holes and true and per- 
fect every way. 

Any loose, burnt otherwise defective rivets discovered any 
stage the work shall cut out and replaced the Contractor. 

All shop rivets shall machine driven. 

Countersunk rivet heads shall chipped where required the 
drawings. 

All riveted work shall straight, free from open joints, and 
present neat appearance. Deformity will cause for rejection. 

All rolled shapes shall straight and true section. Deformity 
will cause for rejection. 

All stiffeners girders shall fitted bear against top and 
bottom flanges, including fillers. All end stiffeners girders must 
true plane and square the flange the girder, unless otherwise 
shown. 

Where sole plates are used girders they must bolted firmly 
flange angles before end stiffeners are fitted. 

The foot all columns and the tops columns where shown 
required drawings shall faced right angles the axis 
the column. This facing shall done after connecting knees, gussets 
and base angles cap angles are riveted the column, and the con- 
necting parts shall placed carefully that after facing they shall 
have perfect bearing. 
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Shoes and cap plates shall perfectly straight. 

Where noted drawings girders which frame between columns 
(and all other girders similarly marked) shall made the exact 
length required the drawings their ends must faced true and 
square. 

Girder sole plates planed bottom where required draw- 
ings. 

Bearing plates masonry perfectly straight and true. 

Tops cast iron pedestals shall planed true. 

material that has been damaged handling will accepted 
any part the work. All workmanship shall first class every 
respect and satisfactory the Engineers. 

Quality Material—Rolled Steel—The steel made 
the open hearth process, and the finished product must free from 
injurious defects and straight and true section, with smooth 
surface and clean edges. 

All steel except that for rivets shall medium steel. 

made the acid process shall not contain more than 0.08% 
phosphorus, and made the basie process not over 0.06% phos- 
phorus. 

Steel shall have ultimate tensile strength from 000 
pounds per square inch; elastic limit least one-half the ulti- 
mate strength, and minimum elongation inches 22%. 

The elastic limit the steel determined the drop 
the beam halt the gauge the testing machine. 

Rivet steel shall not contain more than 0.04% phosphorus, not 
over 0.05% sulphur and not more than 0.05% manganese. 

Rivet shall have ultimate tensile strength from 000 
56000 pounds per square inch, elastic limit not less than 
000 per square inch, minimum elongation inches 28%, 
with average reduction area about 56%. 

variation cross-section weight material more than 
24% from that specified may cause for rejection. 

Certified ladle analysis will required all heats, free charge. 
The Engineers may have check analysis made drillings from the 
finished material, which shall determine the acceptance the material. 
The limits phosphorus found shall not exceed the specified limits 
more than 25%. Samples for chemical analysis taken from 
each heat and from drillings the finished product. 

Every finished plate, bar shape shall stamped with number 
identifying the heat and plainly marked. 

Tensile and bending tests shall made test pieces cut from 
the finished material representing each heat. 

The test piece shall manufacturers’ standard test piece 
inches gauged length, full thickness material under test. 
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Steel shall bend cold 180 degrees around diameter equal 
the thickness the specimen tested without showing cracks the 
outside the bent portion. 

Rivet steel shall bend cold 180 degrees flat itself without show- 
ing cracks the outside the bent portion. 

Rivets cut out from work which they have been driven shall 
show tough, silky structure with crystalline appearance. Every 
steel plate, bar shape must capable standing drifting test 
punching hole inches from the edge and enlarging this 
hole times its original diameter without cracking the metal. 

The fracture all steel must silky and have crystalline 
appearance. 

The Contractor shall furnish free charge prepared specimens 
for testing, the use testing machine satisfactory the Engineers 
and all facilities and necessary assistance, for making the tests. 

All material shall new and free from rust when received 
the shop and there protected against undue damage shape 
surface. 

material shall assembled for punching and reaming before 
has been inspected the duly authorized shop inspector. 

Paint shall not applied any surface until has been in- 
spected. 

The Contractor for the steel work shall furnish facilities for in- 
spection and testing material and workmanship any time during 
shop hours for the duly authorized representatives the Engineers. 

Cast shall tough, gray iron, free from 
injurious cold shuts blow holes, true pattern and workmanlike 
finish. Test bars one inch square, loaded middle between supports 
inches apart, shall bear 2,500 pounds over, and deflect 0.15 
inch before rupture. 

soon the work riveted the shop and before 
being exposed the weather, shall thoroughly cleaned and given 
thorough coating Graphite paint “Tockolith.” 

This coating shall worked into all joints and crevices. 

Surfaces which are riveted together shall painted before 
assembling with one good coat above paint. Any parts which are 
riveted together erection shall receive two coats paint before 
leaving the shop. 

All rolled shapes except those used the concrete steel floor 
plates shall painted provided herein for riveted work. 

All the steel beams the concrete steel floor plates which are 
imbedded concrete shall thoroughly cleaned and shipped 
without painting. 

All the plate girders the work east 7th Avenue which are 
encased concrete shall thoroughly cleaned and painted with 
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one coat “Tockolith,” except that their bottom flanges either 
Graphite paint “Tockolith” shall used provided herein for 
all other steel work. 

Graphite paint used the work shall Dixon’s Silica 
Graphite Paint, manufactured Joseph Dixon Crucible Company, 
Jersey City, J., other graphite paint equal quality and satis- 
factory the Engineers. 

“Tockolith” used the work shall the Portland Cement 
paint that name known “Marine manufactured 
Toch Brothers New York City. 

The vehicle the above graphite paint shall boiled linseed oil. 
adulterated thinner oils shall used. The boiled linseed oil 
must absolutely pure, containing matters volatile Two hun- 
dred (200) degrees current hydrogen; shall not contain any 
resin manganese and shall perfectly clear upon delivery, and 
standing deposit should form, providing the oil kept 
temperature forty-five (45) degrees The film left after flowing 
the oil over glass and allowing drain vertical position, must 
dry the touch after twenty-four (24) hours. 

painting shall done wet freezing weather and 
paint shall applied damp surfaces surfaces which are not 
thoroughly clean dry. 
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APPEN 


General specifications relate manufacture 

and delivery material required for the steel frame the New York 
Passenger Station Building for the New York Terminal. 

This building the “cage” construction type, founded 

masonry piers and below track level, approximately feet 

below the average elevation the curbs the surrounding streets 

and avenues. 

The sidewalk beams along Seventh and Eighth Avenues are in- 
cluded this contract, but the sidewalk beams and other structures 
outside the building under Thirty-first and Thirty-third Streets 
are not included this contract. Provision must made, however, 
for the attachment the parts the Thirty-first and Thirty-third 
Street bridges the building structure. 

Loads.—In determining the weight the structures for the pur- 
pose calculating strains the weight masonry floors has been 
assumed 140 pounds per foot. The structure has been de- 
signed for the dead load plus the following live loads: 

Table Live Rooms and 
Concourse, 150 lbs. per square foot. 

All other floors below street, 300 Ibs. per square foot. 

Street entire Street Floor, 150 per square foot. 

Sidewalks, 300 lbs. per square foot. 

Upper Floors.—Floors kitchen and second story shops, 150 lbs. 
per square foot. 

All other floors above street, 100 lbs. per square foot. 
Roofs.—Roofs which pitch more than degrees, lbs. per square 
foot. 

All other roofs, lbs. per square foot. 

Proportion Parts—The various parts the structures are pro- 
portioned sustain the following unit strains given pounds per 
square inch: 

Tension 16,000 lbs. (net section). 

Tension Riveted Sections 14,000 (net section). 


For determining the net sections, rivet holes are assumed 
inch greater diameter than the cold rivets. 


Compression 15,200 Ibs. 


Wherein the length the member inches and the 
least radius gyration inches. 
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column strut shall have length greater than 120 times its 
least radius gyration. 


Shear webs plate girders (gross section). 9,000 lbs. 
Rivet bearing 
Shearing strain shop rivets shall not 

exceed 
Shearing strain field rivets shall not 

exceed 8,000 


All girders shall have sufficient number end stiffeners 
transmit vertical shear into the web, and all rivets these end stiffen- 
ers shall counted upon take this vertical shear. Intermediate 
stiffeners shall used points superimposed concentrated load- 
ing. Rivet pitch for stiffeners shall not exceed inches. Stiffeners 
shall used all girders, the webs which are less thickness 
than their unsupported depth, also all girders the webs 
which sustain greater load than allowed the following formula: 


11,000 


3,000 


which equals allowed strain per square inch section. 
equals unsupported depth web inches. 
equals thickness web inches. 

Intermediate stiffeners shall spaced intervals not exceeding 
120 times the thickness the web, and case more than ft., 
shown detail drawings. 

Girders which carry masonry arches shall provided with shelf 
angles required drawings. 

shearing strains and bearing strains web rivets 
plate girders the whole the shear acting the side the 
panel next the support considered transferred into the 
flange angles distance equal the depth the girder. 

Where cover plates are used, one cover plate must full length 
girder top flange where shown noted. 

Bearing plates for beams and girders, which rest masonry, are 
proportioned accordance with the following table bearing values 
masonry: 


Brick work Portland cement mortar, 250 per sq. in. 
Portland cement concrete, 208 per sq. in. 


The pitch rivets shall not less than three diameters the 
rivet, not greater than four diameters rivet end panels, and not 
greater than six inches single rows inches alternating, 
any case. the end columns the pitch shall not exceed four 
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diameters the rivet for length equal twice the width the 
columns. 

The distance from the center rivet hole the rolled edge 
any piece must not less than times the diameter the rivet, 
and less than inches and not greater than eight times 
the thickness the thinnest plate. 

Rivet grip shall not exceed five diameters rivet. 

Countersunk rivets shall assumed have the value the 
rivets having full heads. 

The compression flanges plate girders have been designed 
same section that determined for tension flanges. 

Columns and girders shall not spliced without the approval 
the Engineers unless shown the drawings. The webs plate 
girders must spliced all joints plate plates each side 
the web. 

The abutting joints columns which are spliced must milled, 
and the splices must symmetrical and sufficient maintain the 
parts accurately contact and against tendency displacement. 

required splice flanges girders, such splices must 
develop the full strength the abutting sections. 

riveted work shall sub-punched and reamed 
inch larger than the diameter the cold rivet, and when 
the pieces forming one built member are put together the holes must 
truly opposite, and any burr due reaming must removed. 
Material more than inch thick shall drilled. 

All holes for field connections shall accurately drilled 
template. 

Rivets shall and one inch diameter, required 
drawings. They shall have full hemispherical heads except where 
countersunk, and shall completely fill the holes and true and perfect 
every way. 

Any loose, burnt otherwise defective rivets discovered any 
stage the work shall cut out and replaced the Contractor. 

All shop rivets shall machine driven. 

Countersunk rivet heads shall chipped where required the 
drawings. 

All riveted work shall straight, free from open joints and present 
neat appearance. Deformity will cause for rejection. 

All rolled shapes shall straight and true section. Deformity 
will cause for rejection. 

All stiffeners girders shall fitted bear against top and 
bottom flanges, including fillers. All end stiffeners girders must 
true plane and square the flange the girder, unless otherwise 
shown. 
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Where sole plates are used girders they must bolted firmly 
flange angles before end stiffeners are fitted. 

The foot all columns and the tops columns where shown 
required drawings shall faced right angles the axis 
the column. This facing shall done after connecting knees, gussets 
and base angles cap angles are riveted the column, and the con- 
necting parts shall placed carefully that after facing they shall 
have perfect bearing. 

Shoes and plates shall perfectly straight. 

Where noted drawings, girders which frame between columns 
(and all other girders similarly marked) shall made the exact 
length required the drawings their ends must faced true and 
square. 

Girder sole plates planed bottom, where required draw- 
ings. Bearing plates masonry perfectly straight and true. 

Tops cast iron pedestals shall planed true. 

material that has been damaged handling will accepted 
any part the work. All workmanship shall first class every 
respect and satisfactory the Engineers. 

open hearth process, and the finished product must free from in- 
jurious defects and straight and true section, with smooth sur- 
face and clean edges. 

All steel except that for rivets shall medium steel. 

made the acid process shall not contain more than 0.08% 
phosphorus, and made the process not over 0.06% phos- 
phorus. 

Steel shall have ultimate tensile strength from 60,000 70,- 
000 pounds per square inch; limit least one-half the 
ultimate strength, and minimum elongation inches 22%. 

The elastic limit the steel determined the drop 
the beam halt the gauge the testing machine. 

Rivet steel shall not contain more than 0.04% phosphorus, not 
over 0.05% sulphur and not more than 0.5% manganese. 

Rivet steel shall have ultimate tensile strength from 48,000 
56,000 pounds per square inch, limit not less than 28,000 
pounds per square inch, minimum elongation inches 28%, 
with average reduction area about 56%. 

variation cross-section weight material more than 
24% from that specified may cause for rejection. 

Certified ladle analysis will required all heats, free charge. 
The Engineers may have check analysis made drillings from the 
finished material, which shall determine the acceptance the ma- 
terial. The limits phosphorus found shall not exceed the speci- 
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fied limits more than 25%. Samples for chemical analysis 
taken from each heat and from drillings the finished product. 

Every finished plate, bar shape shall stamped with number 
identifying the heat and plainly marked. 

Tensile and bending tests shall made test pieces cut from the 
finished material representing each heat. 

The test piece shall manufacturers’ standard test piece 
inches gauged length, full thickness material under test, 

Steel shall bend cold 180 degrees around diameter equal the 
thickness the specimen tested without showing cracks the outside 
the bent portion. 

Rivet steel shall bend cold 180 degrees flat itself without show- 
ing cracks the outside the bent portion. 

Rivets cut out from work which they have been driven shall show 
tough, silky structure with appearance. steel 
plate, bar shape must capable standing drifting test punch- 
ing inch hole inches from the edge and enlarging this hole 
times its original diameter without cracking the metal. 

The fracture all steel must silky and have ap- 
pearance. 

The Contractor shall furnish free charge prepared specimens for 
testing, the use testing machine satisfactory the Engineers and 
all facilities and necessary assistance for making the tests. 

All material shall new and free from rust when received the 
shop and there protected against undue damage shape surface. 

material shall assembled for punching and reaming before 
has been inspected the duly authorized shop inspector. 

Paint shall not applied any surface until has been inspected. 

The Contractor for the steel work shall furnish facilities for inspec- 
tion and testing material and workmanship any time during shop 
hours for the duly authorized representatives the Engineers. 

Cast shall tough, gray iron, free from in- 
jurious cold shuts blow holes, true pattern and workmanlike 
finish. The test bars one inch square, loaded middle between sup- 
ports inches apart, shall bear 2,500 pounds over, and deflect 0.15 
inch before rupture. 

soon the work riveted the shop and before 
being exposed the weather, shall thoroughly cleaned and given 
thorough coating paint. 

This coating shall worked into all joints and crevices. 

Surfaces which are riveted together shall painted before 
assembling with one good coat paint. Any parts which are 
riveted together erection shall receive two coats paint before 
leaving the shop. 

All rolled shapes shall painted provided herein for riveted 
work, 


— 
ie 
| 4 
{ > 
] 
i 
| 
| 


TUNNELS: TERMINAL STRUCTURES 635 


All paint for this work shall made accordance with the follow- 
ing specifications 


Mineral Oil not volatile 212° 
Volatile Material below 212° Fahrenheit 


The pigment must consist per cent. lamp black and per 
cent. white lead, variation not more than two per cent. either way 
any the constituents being allowed, and should the variation ex- 
ceed the two per cent. above mentioned, the paint will rejected. 

will noted that the paint above specified supposed 
ready for spreading when received, and must well ground, and 
the materials used such kind, that will spread well under fair 
usage the hands the painters. The japans must such kind 
that the paint will dry over night, under average conditions weather, 
that may second coated without difficulty. The lamp black and 
white lead must pure and good quality, and free from admixtures 
other materials. 

sample gallon the paint must furnished and approved before 
the paint used the work. Samples not less than one pint will 
taken random the duly authorized inspector from each ten 
barrels and will sent Charles Dudley, Chemist, Altoona, Pa., 
“Sample for Test” box and can accompanied “Sample for Test” 
tag properly filled out, and paint must not used until report test 
received. Care will taken secure well mixed sample. 

The boiled linseed oil must absolutely pure, containing mat- 
ters volatile two hundred (200) degrees current hydrogen; 
shall not contain any resin manganese and shall perfectly clear 
upon delivery, and standing deposit should form, providing the 
oil kept temperature forty-five (45) degrees The film 
left after flowing the oil over glass and allowing drain vertical 
position, must dry the touch after twenty-four (24) hours. 

painting shall done wet freezing weather and paint 
shall applied damp surfaces surfaces which are not thoroughly 
clean and dry. 
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AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


THE NEW YORK TUNNEL EXTENSION THE 
PENNSYLVANIA RAILROAD. 
STATION CONSTRUCTION, ROAD, TRACK, YARD 
EQUIPMENT, ELECTRIC TRACTION, 
AND LOCOMOTIVES. 


INTRODUCTION. 

The purpose this paper describe concisely the New York 
Tunnel Extension The Pennsylvania Railroad, and record the 
methods followed the design and execution the portion the 
work entrusted the writer’s department. 

outline the entire terminal project given the paper* 
Brig.-Gen. Charles Raymond, Am. Soc. E., Chairman 
the Board Engineers, which shown that the construction 
was carried under four general divisions, namely: 

(1) The Meadows Division, under Alexander Shand, Chief 
Engineer, comprised the construction interchange yard near 
Newark, termed the “Manhattan Transfer,” and double-track railroad 
from the yard Bergen Hill. The work this division included 
the laying all tracks ready for with signals and 
traction apparatus. 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting, 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed. the 
papers, with discussion full, will published Transactions. 
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(2) The North River Division, under Charles Jacobs, Am. 
E., Chief Engineer, comprised the driving two tunnels 
under Bergen Hill and the North River Tenth Avenue, Borough 
Manhattan; also the excavation and retaining-wall work that 
portion the Terminal yard west and under Ninth Avenue. 

(3) The East River Division, under Alfred Noble, Past-President, 
Am. Soe. E., Chief Engineer, comprised the excavation the main 
station yard sub-grade; the building marginal retaining walls 
from Ninth Avenue the west side Seventh Avenue; the construc- 
tion the cross-town tunnels under 32d and 33d Streets, beginning 
with the normal tunnel sections between Seventh and Sixth Avenues, 
and continuing four separate tunnels and under the East River 
and the Long Island City portals; the construction the approaches, 
and Sunnyside Yard, including the grading and viaducts; also, 
part, the main yard buildings. 

(4) The Division the writer, Chief Engineer Electric Traction 
end Terminal Station Construction, comprised the design and con- 
struction the structures and facilities hereinafter described. 

Because the great variety subjects involved, has been found 
necessary treat each quite generally, referring only some detail 
special features, but leaving the complete description any and 
all features for other For full understanding the 
project, relates railroad operation, has been necessary 
repeat certain information given other papers, but, far possible, 
the has been the work included the writer’s 
Division. 

The New York Tunnel Extension, undertaken separete project, 
starts connection with the New York Division the Pe. 
Railroad, Manhattan Transfer, one mile east Newark, 
transfer yard that point, double-track elevated line 
across the Hackensack Meadows, two tunnels under Bergen Hill and 
the North River the main Station yard centrally located Man- 
hattan Island, thence, four-track railroad, across the City and 
under the East River and including very large storage yard 
Long Island City, and connection with the Long Island Railroad 
that yard. Table contains the general data the location and 
physical characteristics the railroad. 
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Fic. 1.—STATION YARD, LOOKING TOWARD NINTH AVENUE FROM THE WEST SIDE 


Fic. 2.—STATION YARD, BETWEEN NINTH AND TENTH AVENUES, 
LOOKING WESTWARD. 
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The actual work planning this railroad began the early part 
1902, and continued until its completion, practically all details, 
eight years thereafter. Regular Long Island Railroad train service 
was opened September 8th, 1910, and the Pennsylvania Railroad 
service November 27th, 1910. 

The primary idea the Terminal Railroad was provide all- 
rail line centrally located station New York City, replacing the 
existing terminal Jersey City, which was reached from New York 
only ferries. Incidentally, was include number allied 
improvements intimately related the Tunnel Extension project and 
with direct bearing its design. These were: 

the Long Island Railroad, controlled 
property, which its main terminal would shifted from Long Island 
City the New York Station, and would include entire reconstruc- 
tion its main line Jamaica, with four-tracking, electrification, 
and the elimination grade crossings. 

2d.—To open the residential sections Long Island the popula- 
tion the thickly settled Borough Manhattan, and offer 
Newark city 347000 inhabitants) and other populous towns 
New Jersey direct and quick access the resorts the ocean 
beaches. 

direct rail connection via the Long Island Railroad the 
West and South from the heart Brooklyn and Queens Boroughs 
New York City, containing people, growing rapidly, and with 
ample area accommodate very large population. 

project (not yet into execution) all-rail 
for the New England States, through New York City, 
the South and West for passenger service. This will accomplished 
building the “New York Connecting Railway” from Sunnyside 
Yard, the New York Terminal Railroad, Port Morris, the 
New York, New Haven and Hartford Railroad, bridging the East 
River Hell Gate. 

5th—A down-town passenger terminal the City New York, 
secured the electrification the present New York Division tracks 
from Newark Jersey City, and that point connecting with the 
Hudson and Manhattan Railroad Company’s line via tunnels under the 
North River and Cortlandt Streets, New York City. 
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From the map* seen that the Station this new railroad 
centrally located, close Broadway, the main city artery, and will 
serve the combined interests business and residence Manhattan 
Island. The district south Central Park (59th Street) being 
rapidly given over business, and transient dwelling, 
and the center for the moving throngs who require transportation 
service. The Station also central between the down-town business 
and the up-town residence districts. 

Time increase convenience and the actual time 
saving secured the traveling public, the relocation the main 
terminal the great railway system which undertook this improve- 
ment, deserve recognition. Prior undertaking the comprehensive 
scheme rearrangement and additions its New York terminals, 
the Pennsylvania Railroad Company’s station was Jersey City, 
separated from the actual destination its passengers wide 
river. The inconvenience this arrangement was lessened far 
practicable establishing number ferry lines various points, 
along the water-front Manhattan Island and Brooklyn, between 
which fast and well-appointed boats were run frequent intervals; 
but, the best, transhipment from the trains the city, across 
the river, consumed from min. good weather and about 
twice much when foggy. From the marginal street along the river 
the business hotel districts, meant further time from 
min., walking car, through crowded city streets. Pas- 
sengers Brooklyn were obliged make either long ferry trip 
around the lower end Manhattan Island, journey across two 
rivers and the city, with least four transfers conveyance, and 
the consequent loss time, and inconvenience arranging for bag- 
gage connections. 

The Long Island Railroad had its main terminal Long Island 
City, min. ferry the 34th Street water-front, and min. 
ferry the down-town district. Its Brooklyn terminal, Flat- 
bush and Atlantic Avenues, was reached steam railroad the 
surface city street and subject the delay and danger opera- 
tion under such circumstances; thence the traveler was carried into 
the down-town business portion New York surface elevated car 
lines, via Brooklyn Bridge, and later the subway. 


* Transactions, Am, Soc. C. E., Vol. LX VIII, Fig. 1, p. 5. 
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Under the new conditions, briefly alluded this introduction, 
the main terminal the Pennsylvania Railroad, used also the 
Long Island Railroad, the heart the greater City New 
York, and reached both from the east and west modern electric 
railway lines, free from grade crossings, and suitable for high speed 
and frequent service. down-town business district reached 
from the west rapid-transit service from the transfer station near 
Newark, and from the east direct subway connection Flatbush 
Avenue. 

The time saving and convenience secured the public these 
improvements are evident. Under the new train schedules, Pennsyl- 
vania trains arrive the New York Station the time they for- 
merly consumed reaching Jersey City and lower New York, and 
Long Island trains shorter time than that taken reach Long 
Island City. other words, passengers either railway destined 
the center New York City, say Broadway and 34th Street, now 
save min. over that required, under the best conditions, former 
methods transportation. 

The collection statistics, which base the required capacity 
tunnels and station, was early begun committees the operat- 
ing officers the Pennsylvania Railroad, who formulated reports 
and made recommendations the President, fixing the general char- 
acteristics the entire project well-balanced plan, which 
the present travel and anticipated growth for years the future 
could cared for without undue congestion any feature. 

The maximum capacity the tunnels was based the adopted 
speed and the spacing the signals controlling train movements. 
the case the Station yard, the tracks were laid out accommodate 
the maximum tunnel capacity (including tunnels built the 
future), and tracks were assigned each separate movement 
determined character; the switching work, time platforms, and 
turn-around movements were all calculated, and working schedules 
were made. From the above followed determination the size 
and character the Station Building. 

certain plan for the operating methods, assumed the com- 
mittee fixing the station capacity, led the following assignments 
trains. This plan, course, subject modifications the 

classes trains vary the development the service; thus, the 
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and transfer Sunnyside Yard would avoided: 


Approach tracks from the west............ 
“ “ “ “ east 4 
Speed trains, miles per hour. 
Train interval under clear signal.......... min. 
Capacity each tunnel, per hour.......... 


Maximum capacity all tunnels, per hour.. 156 


Station Movements: Loaded 

trains. drafts. 
Pennsylvania Railroad, five tracks...... 

Pennsylvania Railroad, station turn-around. 


Time Allowance for Trains: 


Standing platforms, through trains: 


Station turn-around: 


trains (tail switching) 
Minimum time unload train........ min. 
train and next arrival same track. 
Maximum daily capacity station, based 
maximum hourly capacity....... 1160 trains. 


General Information.—Other general statistics the Terminal 


Railroad are follows: 


Length run, Manhattan Transfer Penn- 
Schedule time, Manhattan Transfer Penn- 
Length run, Jamaica Pennsylvania Sta- 


following the assumption that all Pennsylvania trains are 
handled electric locomotives; the future, however, multiple- 
unit trains should substituted for local service New Jersey points, 
the station capacity would greatly increased, much shifting 
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Schedule time, Jamaica Pennsylvania Sta- 

Total length Tunnel Extension Railway, 

Manhattan Transfer Laurel Hill Avenue, 

Total single-track length tunnels.......... 14.52 
Length Bergen Hill Tunnel section...... 6050 
Length river section, North River Tunnels. 
Length land section, North River Tunnels. 
Length river section, East River Tunnels.. 3948 
Length land section, East River Tunnels.. 3848 
Length cross-town section, Sixth Avenue 

Total Hackensack tunnel portal 

Long Island City tunnel portals.......... 5.55 miles. 
Sunnyside Yard: 

Street Laurel Hill Avenue........ 8815 ft. 


Area 


Length yard tracks (present) 


Length yard tracks (ultimate)........ 


45.47 
Manhattan Transfer Yard: 
Area ..... acres. 


Length yard tracks............... 
Station Yard: 


Length, Tenth Avenue Sixth Avenue.. 3488 ft. 
Width, net, track level (31st 33d 


11.49 miles. 


Pennsylvania Station: 
Length, east and west............. 789 ft. 
Length, north and south................ 
Area (of building street level)........ 7.5 acres. 
Total trackage Terminal Railroad, present. 94.52 miles. 
Total main-line 440 
Initial daily train service, trains, 
Initial daily train service, trains, 
200 
Summer schedule, 1911, service, 
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25.72 miles. 
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Number electric locomotives for 1911 

Number buildings required for all purposes. 


One traction power-house, capacity.......... 
Four traction sub-stations, total capacity.... 24000 
One service power-house, initial boiler capacity. 
Total weight structural steel used for entire 

Terminal Railroad construction........... 80350 tons. 
Approximate total quantity cement used for 

entire Terminal Railroad construction...... 942 000 bbl. 
including that for tunnels...... 6936 673 cu. yd. 


The main yard serving the Pennsylvania Station Building 
between Seventh and Tenth Avenues, and 31st and 33d Streets, includ- 
ing the sub-surfaces these avenues and streets, and the surface 
well the sub-surface 32d Street from Seventh Tenth Avenues. 
Two views the yard are shown Plate LXVI. rectangular 
shape, with irregular extension west Ninth Avenue, and covers 
net area about acres. was excavated throughout depth 
from ft. below the original surface. The engineering con- 
siderations and the work involved clearing buildings from the site, 
the excavation sub-grade, and building the marginal retaining walls 
have been described members the staffs the Chief Engineers 
the North and East River Divisions having charge this work. 

The writer’s Division was charged with the design and construction 
the railway, the buildings and facilities, the permanent viaducts for 
supporting the streets over and around the yard, the restoration the 
street surfaces, and the excavation and completion the fan-shaped 
approaches the tunnels Seventh Avenue and eastward the 
normal tunnel sections 32d and 33d Streets. The engineering fea- 
tures the viaducts and sub-surface work are fully described the 
paper George Francis and O’Brien, Members, Am. 

The two easterly blocks, including the bed 32d Street, are 
pied the main Station Building. West Eighth Avenue, plot 
400 400 ft. has been sold the United States Government for 
general Post Office Building, now process erection. Easement for 
railway purposes has been reserved under this area, below plane 
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REINFORCEMENT FOR TRUCKING SUBWAYS UNDER 
ENLARGEMENT OF SUBWAY. 


2.—STATION YARD, FROM 31ST STREET AND NINTH AVENUE, DURING 


TIME OF TRACK LAYING. 
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ft. above the tracks, subject the reservation for the necessary sup- 
porting columns for the building, locations fixed the deed. West 
the Post Office the area Tenth Avenue open yard, bridged 
only the viaducts over the side streets and Ninth Avenue. This 
open area may eventually covered marginal buildings. plot 
130 180 ft. has been reserved west Ninth Avenue and the 
north side 31st Street for Express Building, should desired 
later date make the terminal distributing point for express 
matter. 

The sub-surfaces Seventh, Eighth, and Ninth Avenues, and 
31st and 33d Streets, are part occupied the yard and part 
the retaining walls. interest state that everywhere the 
yard the top the track rails from ft. below mean high 
water the harbor. 

Track track plan shown the upper part Plate 
LXVII. The summit the yard 530 ft. west Seventh Avenue, 
from which point the grade falls east and west the tunnel portals. 
From Tenth Avenue the grade rises eastward the rate 1.923% 
point midway between Tenth and Ninth Avenues, thence the rate 
0.4% the summit, and falls the same rate the Cross-town 
Tunnels. The track plan adopted was the result extended study 
the Terminal Committees the Pennsylvania Railroad, and involved 
the making about twenty tentative schemes order harmonize the 
operating requirements with the progressive development the Station 
and Post Office Building plans. The primary aim was balance 
the yard and tunnel capacity the same maximum, having mind 
the expectation that the yard should capable accommodating 
the future the from two more tunnels under the North River, 
making four all, and two more under the East River, making 
total six. doing this, certain assumptions were necessarily made 
the character the traffic, that is, the amount business handled 
multiple-unit trains and those requiring electric locomotives, also 
the character the switching operations done the yard, and 
the amount car storage needed. 

The main approach tracks from the west fan out from the tunnel 
portals Tenth Avenue into six running tracks, three for each direc- 
tion, the main switch leads Ninth Avenue, thence double 
ladders, one the north and one the south, into twenty-one plat- 
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form tracks covering the full width the yard. Fig. Plate 
view the yard from Ninth Avenue, looking eastward. the 
east end all except five these tracks are again gathered into two 
groups, one leading the two tunnel tracks under 33d Street, and 
one the two tracks under 32d Street. the extreme southeast, five 
stub tracks end Seventh Avenue, lead future two tunnels 
under 31st Street. has been the aim provide double leads through- 
out, far possible, that simultaneous parallel movements can 
made reaching the various tracks connected therewith. 

The station yard not intended provide unlimited car storage, 
but, nevertheless, considerable space for this purpose available 
the corners formed the rectangular configuration the lot and the 
rectangular extension west Ninth Avenue, shown Table 


TABLE Station 


PLATFORM FACILITIES AND Room. 


Length platforms adjacent passenger tracks........... 500 ft. 
Four passenger platforms, ft. wide 900 ft. long. 
Total length fature express 600 ft. 


GENERAL STATISTICS THE STATION YARD AND FACILITIES. 


Total excavation (place measurement) for the entire yard, all contracts 


Excavation begun Noble’s July, 


The parallel tracks are generally spaced 31-ft. centers, where 
platforms are between, and 15-ft. centers otherwise, allow for 
the placing building column supports. The total length tracks 
the station yard about miles, which miles are adjacent 


platforms. 
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Clearances.—The minimum overhead clearance the yard between 
top rail and girders ft. in., the same the clearance the 
tunnels. The maximum car equipment height ft. in. over all, 
and ft. over all for locomotives, leaving net minimum clearance 
ft. in. between equipment and permanent overhead structures. 
The overhead contact rail has clearance ft. in. from the under 
contact surface the top the track rail. 

The minimum clearance between sides cars and columns between 
tracks ft. in., whether the cars are tangents curves, and 
the minimum clearance for trucking platforms ft., although 
few special instances has been necessary reduce this slightly. 
The clearance between edges the high platforms and the sides 
the cars in. 

the terminal yard area between Seventh and Ninth 
Avenues comprehensive system subways has been constructed 
under the tracks. They were deemed essential for the following 
purposes 

housing the various piping systems the buildings and 
tracks. These systems comprise very long runs, many the pipes 
being large diameter, convey steam, air, and water, and have 
numerous connections the buildings and the track level. Proper 
and convenient maintenance required that all pipes should readily 
which result could not had laying them the ballast 
above the sub-grade; furthermore, because the close spacing the 
tracks, and the fact that this interspace many places 
columns, there was really opportunity lay out practical pipe 
system the ballast, and the buildings above the tracks were without 
basements which construct such system. 

2d.—The high station platforms (shown the lower part Plate 
and the arrangement the building itself, required provision 
for trucking baggage, mail, and express matter from one platform 
the others, and this could accomplished best sub- 
ways under the tracks. places this was the only method possible, 
some the platforms are under the streets, and the baggage-rooms can 
reached only underground means. 

3d.—Communication between the various important buildings, such 
the Station, the Post Office, and the Express Building, could not 
conveniently had the track level above, and therefore longitudinal 
trucking subways between them were necessary. 
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4th.—In the portion the yard under and west the most im- 
portant signal cabin the intersection the main-track ladder 
system, accessible space was required for the large quantity signal 
apparatus, such wiring, transformers, relays, and batteries. This 
space was provided constructing basement for the building, below 
the tracks, and longitudinal subway for the conduits and instru- 
ments; from this subway all connections were conveniently made 
the switches, and all apparatus was placed within easy reach. 

The subways, therefore, while expensive construct, furnish 
valuable and comprehensive means for many 
important facilities, without interfering any way with the scheme 
tracks train operation, requiring important modifications 
the buildings themselves. 

will seen from the track plan, the subways include main 
longitudinal system, from Seventh Ninth Avenues, used part for 
pipeways, part for trucking purposes, and generally for both. This 
longitudinal system intersected cross-galleries consisting 
baggage-trucking subways each end the Long Island platforms 
the north side the yard, main cross-trucking subway immediately 
under the outgoing baggage-room the Station Building and com- 
municating with all lifts, and four cross pipe subways approximately 
400 ft. apart, cover the entire yard. 

the above, therefore, all platforms have 
through the subways and the lifts; the Station Building has access 
the Post Office subway and lift reaching the operating floors 
the latter building, and the same facilities will furnished for 
the Express Building when erected. The building these subways, 
well other sub-surface structures the yard, such under-drainage, 
building foundations, and conduits for power and telephones, was 
included important contract, the execution which recited 
the paper Messrs. Francis and O’Brien. Fig. Plate LXIX, 
view under the Post Office, showing the system for 
the trucking subways; Fig. Plate LXIX, view the Station 
yard from 31st Street and Ninth Avenue, during the time track 
laying. 

Wall Around open area the yard, the west side 
Ninth Avenue, has been permanently fenced the construction 
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marginal wall the street level. This wall carried the street 
viaduct structure, ft. in. high the sidewalk side, and has 
total length ft., enclosing Ninth Avenue, and 33d Streets. 
The body the wall special gray mottled brick (in color closely 
resembling granite), with base course and coping granite. There 
are pilasters intervals about ft. and paneled brickwork between. 


The plan and engineering features this great building, designated 
“Pennsylvania Station,” deserve more extended description than can 
given general paper covering many subjects. size, the 
building unprecedented among railway stations, having ground 
area acres, about twice that St. Peter’s, Rome, and 30% 
more than the area the Palais Justice, Brussels (the latter 
being considered the largest building the 19th century), and two 
and one-half times that the New York Public Library. length, 
the Station, east and west, somewhat greater than that the 
Capitol Washington. contents, measures about 40000000 cu. 
ft. plan, intended wholly for railway purposes and the comfort 
and convenience passengers, and its design has not been subordinated 
the purposes hotel office building. consonance with its 
legitimate purpose, however, the aim has been make the structure 
monumental gateway the largest city the country. 

General Plan.—A passenger terminal may located either adjoin- 
ing over the tracks served. The former plan has been generally 
adopted heretofore, where land was cheap, and especially because 
the necessity large open spaces order dispose the smoke 
and steam from locomotives. very large modern terminals, however, 
this plan has disadvantages the costly property involved and the 
enormous distances between the head-house facilities and the point 
where the passengers board the trains. Furthermore, with the advent 
trains propelled electric motors, entirely possible utilize 
the basement station building for the tracks, and the levels 
immediately above for the facilities. Thus, when passengers arrive 
the station, they are the nearest point the one where they 
embark the train. true that this arrangement involves differ- 
ent levels, and thus the use stairs lifts, but, order that station 
may the heart great modern city, the depression elevation 
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the tracks unavoidable, and stairs are necessity, regardless 
the location the building. 

The form construction adopted for the Pennsylvania Station, 
therefore, that bridge over the yard and platforms, the building 
having its main floor intermediate level between the streets and the 
track platforms. The main station facilities are centrally located 
regards the building itself, which may entered from any one its 
four sides, and also regards the trains the platforms underneath, 
that the distances, which are necessarily considerable station 
capacity, are the least possible. believed that the unusual 
opportunities afforded for entrance and exit the centers the four 
sides, and the separation incoming and outgoing passengers dif- 
ferent levels, make this building unique among the large stations 
the world the distribution crowds without delay confusion. 
These numerous means access, moreover, should prove important 
factor building the section the city surrounding it, not only 
from one but from all sides. 

Because the location the passenger facilities different 
levels, difficult show clearly plans and cross-sections the 
arrangement the building, nor can clear description concisely 
given. general, however, the station consists hollow rectangle 
marginal buildings surrounding the plot from the street level up- 
ward, shown Fig. intermediate building the street level, 
starting from the middle the Seventh Avenue facade, used for 
main entrance and and continuing its north and south axis, 
where joins high cross-structure containing the main waiting- 
room, with the floor one story below the street level, Fig. Imme- 
diately east the main waiting-room and both sides the arcade, 
the street level, are located the restaurant and lunch-room. The 
rectangular spaces between these latter, the arcade, and the marginal 
buildings, are open courts, roofed over the street level with glass 
skylights, for train-sheds and for driveways (Fig. Plate 
the baggage-room under the arcade. These driveways communicate 
with the inclined interior streets, drives, entered from the north and 
south ends the Seventh Avenue front. 

Continuing westward from the main waiting-room (Plates LXX 
and and the same level (one story below the streets), there 
are two sub-waiting-rooms, and between these and the marginal build- 
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ings the west end the Station, the space occupied the main 
concourse (Fig. Plate roofed-over structure glass, 
containing the assembly space for outgoing passengers, prior their 
admission the stairways (Fig. Plate leading down 
the track platforms. Under this main concourse there exit con- 
course (Fig. Plate narrower than the main one, and 
having stairways either side from each platform, for incoming 
passengers, Fig. Both these concourses connect their respective 
levels with two-deck passageway under 33d Street, the entire length 
the Station between Seventh and Eighth Avenues, and designed 
connect with future rapid-transit subways either these avenues. 
present this passageway used for with the 
Long Island section the station, elsewhere referred to, and for 
entrance and exit 34th Street. 

The marginal buildings, the Seventh Avenue front, above the 
street level, are used for stores, offices, and entrances the driveways. 
the side streets, far west the concourse, the first two stories 
are given driveway spaces, the ceiling being the attic floor 
level. West the driveways the buildings contain offices and the 
operating staff facilities (see Figs. and 6). 

The central vestibule the Seventh Avenue may con- 
sidered the main foot-passenger entrance, leading from which 
the arcade, flanked shops either side; thence down one floor level 
the main stairway the main waiting-room, which are the 
ticket-offices and parcel-rooms, the baggage-checking booth, and other 
minor facilities. The waiting passenger may then proceed the sub- 
waiting-rooms (smoking non-smoking), where seats are provided; 
or, without retracing his steps, may enter thé main concourse the 
west, where the gates leading the outgoing train platform stairs are 
Both the main hall and the concourse may entered from 
two side streets, and the concourse from Eighth Avenue well. Fig. 

Carriage passengers enter the building from the south end the 
Seventh Avenue front driveway leading down the waiting-room 
and its level, and outgoing carriage passengers leave similar 
driveway the north side the building. These driveways are also 
used for the wagon delivery baggage and from the baggage-room. 

accommodate the large number suburban and commuter 
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passengers the Long Island Railroad, practically independent 
station, within the main station, has been provided. This the 
north side, under and adjoining 33d Street. entered the 
Seventh Avenue corner, the driveway, stairway from 33d 
Street, entrance and exit from 34th Street, midway between 
Seventh and Eighth Avenues, and there separate waiting-room, 
with the usual facilities, wide departure platform, and concourse 
communicating with other platforms. 

following description the architectural 
motif the building design has been kindly furnished Mr. 
Symmes Richardson, Messrs. McKim, Mead, and White, the mem- 


ber that firm who was especially charged with working out this 
problem. 


“In designing the Pennsylvania Station, attempt has been made, 
not only secure operating efficiency for one the largest railway 
stations the world, but also obtain outward appearance ex- 
pressive its use, and monumental character. The problem 
involved was unusual, the tracks are situated far below the sur- 
face the street that was not possible adopt any the types 
station buildings familiar modern architecture. The exposed 
train-shed, with its large semicircular ends glass, has become, dur- 
ing the last century, form recognized the layman the railway 
type, and such features the ends the avenues our modern 
cities suggest great terminal, even stranger, when seen for the 
first time. such character are the Gare the Gare Mont- 
parnasse, and the Gare Nord, Paris, the stations Frankfort and 
Dresden, and, fact, most the principal stations Continental 
Europe, well the splendid train-sheds the Pennsylvania Rail- 
road Company Jersey City and Philadelphia. 

“Not only did the architects desire give adequate railway 
expression the exterior, but they recognized the equal importance 
giving the building the appearance monumental gateway and 
entrance one the great metropolitan cities the world. This 
idea, their opinion, has not always received the recognition which 
deserves the solution problems this character. 

“For inspiration, the great buildings ancient Rome were 
fully studied, and particularly such buildings the Baths Caracalla, 
Titus, and Diocletian, and the Basilica Constantine, which are 
the greatest examples architectural history large roofed-in areas 
adapted to. ssemblages people. Moreover, the conditions modern 
life, which undertakings great magnitude and 
are through, involving interests all parts the world, are 
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more nearly akin the life the Roman Empire than that any 
other known civilization. seemed, therefore, fitting and appropriate 
every way that the type architecture adopted should develop- 
ment from Roman models, and while the building necessity, 
account the requirements its uses, different from any building 
known have been previously built, its inspiration can directly 
traced the great buildings the Roman Empire. 

“To obtain the largest possible expression, simple materials have 
been used throughout. The exterior being entirely granite, all 
unnecessary detail ornamentation was omitted, and has been 
hoped, considering the variegated character and style the modern 
architecture American cities, that this way the monumental mass 
and seale the building has been maintained relation its sur- 
roundings. The design Roman Doric, surrounded attic, 
with colonnade along the Seventh Avenue front, and with colonnades 
the other sides marking the principal entrances. avoid monotony 
effect building such unusual frontage, the attic broken 
into pavilions varying heights, marking the important entrances. 
the center the rectangle, and dominating the entire structure, 
rises the wall the main waiting-room, the largest room its kind 
existence. This wall treated background the buildings 
facing the street, and broken simply eight large semicircular 
openings glass, each nearly ft. diameter, which light the room 
and give the building, when seen from distance, something the 
railway character above referred to. Apart from the practical con- 
sideration obtaining adequately roofed-in areas, this room was 
primarily created give the exterior the building distinctive 
railway expression was possible, considering the limitations the 
problem. 

“At the north and south ends the Seventh Avenue front are 
porticos leading inclined descending driveways, forming entrances 
for which pass between the columns the same. way 
the Brandenburg Gate Berlin, through which great part the 
traffic enters that city. 

“The official foot entrance the station the center the 
Seventh Avenue front, opposite West 32d Street. This leads directly 
the general waiting-room, the center the building, through 
arcade, somewhat similar seale and idea the famous 
Milan and Naples, Italy. The main waiting-room comparable 
dimensions the nave St. Peter’s Cathedral, Rome. the 
entrance the waiting-room stairway ft. wide, the side 
which niche containing the statue the late Cassatt, 
President the Pennsylvania Railroad, and the 
the tunnel and station project. motif the waiting-room 
design was suggested the great halls the baths ancient Rome, 
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above referred to, and consists eight Corinthian columns, ft. 
diameter and ft. high, standing pedestals, and supporting the 
coffered vaulted ceiling. the north and south ends the rooms are 
colonnades single Ionic columns, ft. high, directly approached 
bridges over the carriage driveways, from the central entrances 
West 31st and West 33d Streets, and from which ample staircases lead 
the floor the room. The sub-waiting-rooms, opening into the 
retiring-rooms, are proportioned the magnitude the central room. 
The connecting openings are made large possible, and frequently 
are screens clear glass great dimension, permitting compre- 
hensive perspective views, not only splendid architectural effect, 
but great assistance guide the movements the traveling 
public. For the interior, the architects have selected Roman travertine 
stone, brought from the quarries near Tivoli, Italy. this stone, the 
exterior the Colosseum, the Tomb Hadrian (now the St. 
Angelo), the Quirinal Palace, the Cathedral St. Peter’s, and nearly 
all the churches and most the palaces Rome are built. Con- 
sidered purely from the structural standpoint, one the finest 
building stones known, but its selection for this building, for which 
has been imported into this country for the first time, was due prin- 
cipally its beautiful, warm, sunny color, and its tendency take 
polish and improve appearance contact and use rather than 
absorb dirt, the case with many the limestones common 
use both here and abroad. The stone, moreover, has very interesting 
visible structure, which, building such large dimensions, tends 
give more robust character and texture than possible obtain 
most other materials. color motif has been given the room 
the insertion conventionalized maps the six large panels below 
the lunette windows; these maps were painted Mr. Jules Guerin. 

“The concourse itself forms courtyard with granite walls, enclosed 
iron and glass roof, forming intersecting barrel arches sur- 
rounded three sides tile domes against the walls the building. 
The structural steelwork here open latticed design, without 
ornament, the architectural effect being obtained careful study 
the proportions and form the structural members required. Here 
the architects have attempted give the structural steel straight- 
forward and adequate architectural expression, and while the design 
quite different from anything yet built, suggestive many 
ways the train-sheds the famous stations Frankfort and Dres- 
den, Germany. the easterly side the concourse the continuous 
facade the waiting-room, with semicircular openings, comparable 
extent and scale the Boston Library. 

“The design, fabrication, and erection the concourse roof intro- 
duced novel problems. was the desire the architects give the 
structural steel dignified expression design, and also obtain 
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appropriate transition between the purely architectural lines and 
structural materials the general waiting-room and adjoining rooms 
and the purely utilitarian and structural treatment the railway 
operating features the yards, such the tracks, viaducts, that 
say, the leading easy and unconscious gradation effect 
from the monumental side Station the utilitarian. ac- 
complish this result the main architectural lines the concourse roof 
were first determined, namely, the location the columns, arches, and 
domes, and the general height and breadth the intersecting mem- 
bers; the steel engineer being then given the problem designing 
structure conform the architectural lines outlined, the detail 
being question good proportion and adjustment from both points 
view. The type and scale lattice work, well the lines and sizes 
the arches, notably the variation depth between the spring and 
top lines the arches, well varying widths between the diagonal 
ribs and the vault lines, was suggested the engineer obtain 
variety effect and avoid the monotony which would result the 
assembling arches similar forms and dimensions. obtain the 
expression these architectural features steel, necessitated the use 
excess material over what would required ordinary 
trussing cover the area question, but the excess amount mate- 
rial was considered justifiable fulfill the motives above referred to. 
The design this difficult piece roofing was due the joint efforts 
the Architects, Westinghouse, Church, Kerr and Company, and 
Messrs. Purdy and Henderson, Engineers. 

“Throughout there has been consistent and continuous effort 
maintain unity and simplicity design, that the structure will 
count whole many inter-related parts similar scale. Orna- 
ment has been very sparingly used, and there attempt deco- 
rative art, except for the color effect the maps the main waiting- 
room. The interior the building practically monotone, being 
the idea the architects that building devoted railway purposes 
should made permanent and durable materials simple character 
and capable the easiest maintenance. The light buff the traver- 
tine stone has formed the keynote the color scheme for the plaster 
walls and ceilings, the larger ceilings having pigment. the plaster 
give permanent stain, that the necessity and inconvenience 
repainting reduced minimum. the few places where deco- 
rative sculpture used, such the clocks over the main entrances, 
the eagles and bas-relief panels adjacent, and the large keystones 
the exterior the general waiting-room and over the arches leading 
from this room the and concourse, the work was placed 
the hands Mr. Weinman, sculptor reputation, who has 
given the ornament and figures distinct individuality appropriate 
the uses the building.” 
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The following list the principal building subdivisions, with 
spaces allowed for facilities: 


Length building, east and west. ft. 
General height from sidewalk........... 


Height, interior waiting-room. 


Dimensions. Area, square feet. 
Concourse court............ 210 400 
Concourse floor............. 195 000 
Exit concourse floor......... 800 
33d St. passageway, Seventh 

Main waiting-room floor..... 300 110 000 
East baggage-room 

Train-sheds (two, 

Standing room for 

Seventh Avenue shops (two, 

Waiting-room ticket windows. 400 
Carriage driveway, 33d Street 552by 840 

Sidewalks around building.. 2650 ft. 90990 
Women’s main toilets...... 
Hospital Department....... 
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Area, square feet. 


Office space, 1st floor, west waiting-room....... 850 
“ “ 


floor, west 20270 
floor, west waiting-room........ 
Seventh Avenue, front, two floors.... 21500 


“ “ 


“ “ 


Unassigned space, attic 27800 

Kitchen and 000 

Ticket offices, men’s 344 

Ticket offices, Long Island section................ 2870 
No. 


Passenger elevators track platforms... 
Stairways track platforms............ 


GENERAL CONSTRUCTIVE FEATURES. 


has been the aim make the building thoroughly fire-proof. 
Practically combustible materials have been used the construction 
furnishings the public rooms, baggage-rooms, spaces devoted 
railway uses below the street level; wood trim used only for the 
offices. 

Steelwork.—The designing the building framework described 
detail the paper Messrs. Francis and O’Brien. called for 
the fabrication about 000 tons structural steel, large part 
special design, there being little duplication for the different sections 
the building the different floors. 


Granite-—The exterior curtain-wall construction, with 
granite face. The granite known “pink Milford,” and the entire 
product the Connecticut quarry was engaged. the exterior, 
490 000 ft. stone were used, and 60000 cu. ft. for the interior 
the building. This granite was quarried and cut within period 
months, stored the quarry, and shipped needed. The setting 
the stonework required months, the average rate being 10000 cu. 
ft. per week. The ashlar varies from in. thickness, and each 
stone anchored two bronze clips. The setting 
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cement. The columns are built granite drums, ft. in. 
diameter, having average depth ft., and weighing from 
tons. 

Brickwork.—About 000 000 common brick were used the wall 
construction. addition, about 1100000 cream-colored mottled brick 
were used for facing the driveways. Gray wire-cut brick were used for 
the walls the train-sheds, the west arm the main waiting-room, 
and the various parapet walls the roofs. 

Enameled brick were used the carriage driveway halls, baggage- 
checking and parcel-rooms, ticket office and offices, for facing the 
retaining walls under 33d Street, and the elevator shafts throughout 
the building. 

The driveways are paved with special grade re-pressed vitrified 
clinker brick, the total number used being 650000. The brick was 
selected, after careful investigation different pavings, with the view 
obtaining surface which would give proper foothold for horses 
the grade and durable under traffic. This brick was purchased sub- 
ject the requirements that the maximum absorption should not ex- 
ceed 3%, and that the crushing strength should not less than 4000 
lb. per sq. in. There were two sizes, the larger were in., 


with square edges, and were used the level portions the driveways; 
the others were in., with beveled edges, and were used 
the inclined portions. The floor was prepared for the brick laying 
1-in. foundation course cement mortar receive the water-proofing, 
and this was covered with cement course the same thickness. 


Across the width the driveways concrete ribs were laid intervals 
about ft., over which the water-proofing was extended, and the 
trays formed these concrete ribs were filled with sand in. depth. 
this was laid 6-in. foundation receive the paving 
brick, laid cement mortar. These precautions were adopted reduce 
the noise passing vehicles minimum, and prevent the pave- 
ment from moving down the incline. 

Interior Cut walls, lintels, and copings are Bedford 
stone. The interiors the arcade and the main waiting-room are 
finished partly travertine, and partly with artificial cement com- 
position, devised Mr. Paul Denivelle produce the effect real 
travertine; composed Berkshire white and ordinary cement, 
white quartz sand, and iron oxides, compounded produce the 
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peculiar lining, voids, and color blends characteristic the genuine 
travertine. The blocks were cast moulds, the slabs being in. 
thickness, and having reinforcing material and anchors for attaching 
the walls. The main waiting-room ceiling plaster, deep 
octagonal coffers, which were cast moulds the used for 
the general construction the waiting-room roof and interior finish. 
certain amount coloring matter added the plaster makes the 
tone the ceiling blend and harmonize with the travertine walls, thus 
requiring external decoration. The coffers are ft. size, are 
reinforced with steel rods and wire mesh, and are hung from the over- 
head steel furring steel anchors. 

The exteriors the ticket offices, parcel-rooms, and booths the 
main and sub-waiting-rooms, well the trim, partitions, counters, 
ete., the dining- and lunch-rooms are Botticino marble. The 
toilet-rooms have trim and partitions Carrara glass, milk- 
white material which non-absorbent. The trim the office toilets 
pink Tennessee marble, and this material used for the wainscots 
the hallways. 

reinforced concrete flat-arch system used for 
the floors. The minimum thickness concrete surrounding the rein- 
rods four times the diameter the rods. general, spans 
ft. more floors and roofs are stone concrete slabs in. thick, 
and spans less than ft. are cinder concrete, with the exception 
all tiers below the street level, where stone concrete used. The rein- 
forcing rods are in. from center center, and the ends are turned 
down over the top flanges the beams. 

following live loads were used designing the 
building steel and the floor system: 


Pounds per 
square foot. 


Waiting-room, main and exit concourses.... 150 
All other floors below street level.......... 300 
The entire street 150 
All other floors above street................ 100 
Roofs more than 20°.............. 


Column columns under and supporting the station 


any way are protected fire-proofing, accordance with the Regu- 
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lations the City Building Department. This fire-proofing consists 
concrete grout filled between the column and steel-plate 
jacket which surrounds for height ft. in. above the platform 
level; above this casing the concrete surface exposed. 
Ornamental 500 tons ornamental ironwork, includ- 
ing cast iron and steel, were used the interior fittings, especially 
the stairways, fences, and the concourse enclosures for the elevators 
and lifts. 
Vault Lights.—About 155 000 sq. ft. vault-light construction were 
used and around the building. This unusual amount was required 
secure light under the sidewalks for the interior passageways and under 
the concourse floor for the exit concourse and the platforms. The ex- 
terior vault lights are the reinforced-concrete type, with circular 
glass prisms set with lead rings around each, prevent shaling. The 
interior vault lights are the same type, without rings, except that 
square instead round glass was used. 
Roofing.—In general the extensive roofing system tile covered 
with No. sheet metal, part with flat and part with cleated, 
standing, seams. Instead copper, “Monel metal,” alloy 60% 
nickel and 40% copper, was used. This metal natural alloy, having 
approximately the composition “German silver,” and has the well- 
known non-corrosive properties that alloy; while strong, can 
readily flanged and soldered, and weathers agreeable tone. 
this metal 150 tons were used. The flat roofs are covered with self- 


glazed tile in. thick. Fig. Plate view the concourse 
roof construction. 


Interior Woodwork.—The furniture the lunch- and dining-rooms 
Italian walnut; the office trim Betula walnut; and the trim 
kitchens and service-rooms ash. All doors the entrances 
and rooms have long, clear-glass panels; communicating doors between 
offices have long, raised panels. The doors from corridors offices are 
the two-panel type, with transoms above. Base, chair rail, and picture 
mouldings are used all offices; and corridor walls, where borrowed 
light required, partition sash have been set. 


flooring used throughout the offices, and 
the section. The general waiting-room and sub-waiting- 
rooms, lunch- and dining-rooms, Seventh Avenue vestibule, arcade, 
lavatories, and barber shop, have marble floors. Cork floors have 
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been used the spaces where employees stand, such the ticket offices, 
serving pantries, and behind lunch and cigar counters. Granolithic 
floors are used the baggage-room, baggage passageway, and kitchens. 

Building work preparation for the building con- 
struction began with the sub-surface work the excavated plot, 
turned over this Department Mr. Noble. soon sufficient 
area the track sub-grade was secured, the work excavating and con- 
structing the substructures and building foundations was begun. This 
resulted the successive completion the foundations, beginning 
the southeast corner the building, and the erection the steel frame, 
from this point working both directions around the outside the 
building, until was enclosed the Avenue side. The 
masonry followed the steel erection, and the building was finally en- 
closed about the time when the entire terminal yard area was ex- 
sub-grade. All materials were delivered the site 
trucking through the streets, railroad connections were the time 
impracticable. 

The building methods were not unusual, aside from the magnitude 
the structures, the amount erection plant required, and the force 
engaged. The structural steel was stored and sorted the plot under 
the building, and erected cranes. The granite was delivered around 
the building timber staging over the sidewalks and supported from 
the track level; the erecting was done derricks set the inside 
floors. All other materials were delivered the building construc- 
tion progressed. The general waiting-room, because its great height 
(150 ft. from floor ceiling), required the installation extensive 
and massive falsework, which would permit the convenient and ex- 
peditious erection the steel frame and roof trusses, setting the 
granite, lining the interior walls, hanging the ceiling, and finishing the 
interior. This falsework was 12-in. vertical posts, 12-ft. 
centers, braced with 12-in. planks, thoroughly bolted, and contained 
about ft. was erected six stories, with runways 
each floor. The falsework was equipped with stairways and hoists for 
loading material platforms the different floors. Six stiff-leg der- 
ricks, each tons capacity, having 50-ft. booms, were erected 
this staging. Because danger from fire, the falsework was equipped 
with elaborate system high-pressure fire-protection pipes, with 
hose outlets every level, and was constantly patroled firemen. 
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Furthermore, was thoroughly wet down twice week. Throughout 
the entire building construction, the temporary system fire protection 
and patrol service was maintained, and, although few minor fires 
they were arrested before they had time spread, damage 
the building resulting any 

Constructive following list the construction 
dates, and quantities the more important materials used the 
building: 


Building foundations begun.........June Ist, 1906. 


First steel column 27th, 1907. 
First stone masonry 15th, 1908. 
Finished exterior July 31st, 1909. 
Building substantially completed.... August 1st, 1910 
Maximum number men 240 
Average number men employed.... 
Granite, miscellaneous and concourse 
Concrete fire-proofing, 243 000 cu. ft. 
Brickwork, all kinds................. 17000000 brick. 
Terra cotta furring and 600 000 sq. ft. 
Plastering 


the more important operating features the building, those 


involving engineering problems will some detail. They 
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were planned only after extended Committee and engineering con- 
sideration, utilize the fullest the available space the building, 
with the greatest flexibility operative methods, and for the future 
growth business the capacity the terminal whole. 

Operating Arrangement.—The station tracks are arranged for both 
through and stub-end operation, but, for the majority the movements, 
may considered stub-end station. Through trains both the 
Pennsylvania and Long Island Railroads are handled electric 
locomotives; suburban trains the Long Island Railroad, multiple- 
unit motor cars. There are eleven station platforms, serving twenty- 
one tracks; the latter, sixteen (Nos. 16, inclusive, numbering 
from the south side) are normally assigned the Pennsylvania service, 
and all communicate with the North River Tunnels. The remaining 
five tracks the north (Nos. 21, inclusive) are assigned the 
Long Island service. 

Pennsylvania Railroad trains—except certain short-distance ex- 
presses from Philadelphia, and certain locals—after unloading, proceed 
through the 32d Street and East River Tunnels large terminal 
yard Long Island City, where they are turned, cleaned, and made 
for the return trip. The short-distance expresses are turned and 
stored the station yard. Long Island trains are present cared 
for the station yard; the expresses are switched into the north yard, 
and locals, after unloading, are tail-switched from the two tracks 
adjoining the incoming platform (No. 11) the tracks adjoining the 
outgoing platform (No. 10). necessity, either platform, 
No. No. 11, may used for either arriving departing pas- 
sengers, platforms Nos. and may similarly utilized. The 33d 
Street Tunnels are normally used for Long Island Railroad business 
exclusively, these tunnels communicating with tracks Nos. 21, 
inclusive, but the Street Tunnels may used emergencies, thus 
making all station tracks, except the southernmost four, available for 
Long Island Railroad service. 

Platforms.—The original plan the station contemplated following 
the usual American practice making track platforms about in. 
high above the rails. Detailed development the station facilities, 
however, indicated that low platforms are open some serious objec- 
tions, and departure was decided the adoption the English 
standard practice, making the platforms flush with the car floor, 
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decision which may have far-reaching effect the future the 
practice other stations America. The general features this 
platform are shown the lower part Plate LXVII. The controlling 
reasons for the adoption high platforms the New York Station were: 


(a) The greater ease loading and unloading cars; advantage 
which will appreciated passengers who are infirm, who 
have hand-baggage; 

(b) The saving time loading and unloading trains; this will 
tend prevent congestion narrow platforms, and 
important factor utilizing the fullest the station facili- 
ties, especially local excursion and commuter services; 

(c) saving about ft. the vertical lift between the plat- 
forms and the street; this also important advantage 
station depressed below the street level; 

(d) The elimination the dangerous practice crossing tracks 
grade, consideration which applies employees well 
passengers, and has special force station where the 
view obstructed columns, 

(e) Incidentally, they permit the convenient use hydraulic 
power for operating the elevators and lifts, giving space under 
the platforms for the machinery and piping; they also provide 
space for housing the signal and certain other electrical 
apparatus. 


The usual objections cited against high platforms for steam rail- 
ways had not controlling weight, the case this terminal station, 
because its location and the type equipment adopted for other 
reasons, thus: 


(a) The new steel cars used for all purposes have vestibules with 
side-doors arranged that they can opened without requir- 
ing the trap over the steps lifted, and the fascia over the 
doors sufficient height permit passengers walk out 
the platform level; 

(b) The difficulty handling baggage and from trucks the 
cars minimized using special truck, with its platform 
only in. above the car floor; 

(c) The arrangement lifts and cross-trucking subways under 
the tracks makes unnecessary truck across the tracks 

grade; 
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(d) The first cost the high platforms was not excessive, because 
the cheapening other constructive features the station, 
such the lifts, stairways, piping, signals, 


There are eleven passenger platforms under the station, varying 
width from ft., and length from 750 1170 ft. All are 
platforms, having track each side. The total platform 
length adjacent passenger tracks 21500 ft. addition, there 
are “island” platforms west the Station and under the Post Office 
which are used exclusively for mail car purposes. Space has also been 
assigned for two additional platforms the south side the yard 
near Ninth Avenue, for future Express Building purposes. The plat- 
forms are reinforced concrete with edges set ft. in. above the 
top the track rails, and ft. in. from the center the track. 
These standards allow normal clearance in. from the side the 
widest car, and place the top edge always somewhat below the car 
platform, due allowance being made for wear, loading, and variation 
equipment. 

TABLE 


Capacity, 
| 


Water pressure used hydraulic lifts, 270 per 
Elevators and location the building over the tracks, 
and the peculiar arrangement the public spaces and the offices, 
well the great area covered, made the planning the necessary 
system vertical conveyors for passengers and freight difficult 
matter. Services were provided for: 
(1) Passenger elevators from the track platforms; 
(2) Baggage lifts between the baggage-room, the platforms, and 
the subways underneath; 
(3) Office elevators from the street level the floors above; 
(4) Service elevators and dumb-waiters between the restaurants 
and the kitchens; 
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(5) Moving stairways (or escalators) from the concourse the 
street level; 

(6) Lifts and conveyors for handling mail from the trucking sub- 
ways the main floor the Post 


general, was determined that each platform should provided 
with passenger elevator operating between the train level and the exit 
concourse. was not possible, because the plan the building, 
operate these the street level, nor could they made sufficient 
without sacrifice platform space, handle entire train 
loads. The arrangement adopted gives one elevator for each platform, 
eleven all. Three these have lift ft. in. the main 
concourse, and the remaining eight lift ft. the exit con- 
course only. 


Because the high platforms, baggage trucking cannot done 
across the tracks grade, therefore very complete system lifts 
has been provided between each platform and the baggage-rooms 


well cross-subway below. the nine long station 
platforms has been equipped with two lifts, one from the outbound 
baggage-room the west side the building, and one from the 
inbound baggage-room the east side. The two short Long Island 
platforms the north side the station have one lift each. The 
lifts, generally, have travel ft. Mail handling the Post Office, 
explained more fully elsewhere, required the installation four 
lifts from the platforms the building proper. 


The use moving stairways, from the platforms 


the concourse was considered, and, although space was provided for 
them the building framing, was decided defer their installation 
until their actual operating necessity was demonstrated. not needed 


they would objectionable, they would transport passengers the 


main instead the exit concourse; thus they would cause conflict 
passenger movements, and defeat the chief advantage the double 
concourse system. The condition the north side the station, 
however, where large commuter travel from the Long Island Railroad 
eared for, special, and this point escalator has been provided, 
leading passengers from the exit concourse under 33d Street the 
street level midway between Seventh and Eighth Avenues. this 
means passengers are landed without effort private street and 
near the 34th Street cross-town surface car line. 
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The selection suitable operating means for the entire elevator 
and lift system was made the subject much study, many the 
conditions were difficult. The great area covered (about 
acres for the building and yard) indicated that electric distribution 
power, rather than hydraulic, would simpler and cheaper. 
fact, the case low station platforms, first intended, seemed 
essential adopt electric elevators, there was, places, 
available room for the piping runs and pressure tanks required for 
hydraulic system. the baggage lifts, however, was 
desired secure the advantage the hydraulic plunger type, because 
the ease and accuracy control, simplicity, and absence 
machinery and counterweights over the platforms and tracks. There- 
fore, when high station platforms were adopted, was found entirely 
practicable use hydraulic baggage lifts and concourse passenger 
elevators, placing all piping and apparatus the space under the 
platforms. 

The conditions were different with the office elevators 
and kitchen dumb-waiters, their plungers would interfere with 
clearances over the tracks, and therefore electric elevators were adopted 
for these services. 

Power for the hydraulic lifts furnished pumps the Service 
Plant, and current for the electric elevators taken from the general 
traction power mains through special switch-board connection the 
Service Plant. The electric elevators, being over the platforms and 
tracks, required special safety precautions arrest falling car 
counterweight; therefore, all elevator shafts were provided with air- 
cushion wells, from ft. deep, and Cruickshank arresters for the 
counterweights. Thorough tests were made the efficiency these 
devices all elevators; for instance, fully loaded car was cut loose 
the top shaft, allowed drop freely ft. into the cushion, and 
was brought stop without spilling water breaking egg the 
car; the air pressure developed the cushion was about 
per sq. in. 

Gates and gate and control systems for the baggage 
lifts are worthy mention. provide against the possibility 
baggage truck breaking through lift-gate the platform level, there 
are collision-proof gates steel plates and reinforcing angles all 


entrances the lift shafts. These gates are the disappearing type, 
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moving slots the hatchways below the platform level. They are 
partly counterweighted, and are operated compressed air, controlled 
through levers the car and from the outside. gate can opened 
only when car rest the landing; car leaves the landing 
while the gates are open, they will close automatically. Either gate for 
car can operated independently. 

order obviate the necessity having attendant each 
lift, special apparatus was installed operate the hydraulic starting 
mechanism through electric control. This consists push-buttons, 
located each landing and the car itself, electric circuits 
controller-board, and electrically-operated pilot-valve the board, 
controlling the hydraulic valve mechanism proper the lifts. car 
can thus called for sent any landing automatically pressing 
the button for that landing. The car cannot operated the push- 
button control any hoistway gate open, and when 
rest landing and the gate open, the car-operating rope locked 
against movement until the gate closed; furthermore, after button 
has been pushed send, call the car, all other buttons are in- 
operative until the car has moved to, and come stop at, the landing 
gate opened while car moving, the car will stop 
the next landing toward which moving. addition this 
automatic control, the lifts may operated the usual way 
hand-ropes. 

Baggage Handling.—The baggage facilities have been planned for 
rapid service consistent with the very large platform area 
served, and avoid long-distance trucking the platforms, which 
are necessarily somewhat narrow and obstructed building columns. 
Therefore, two baggage-rooms have been provided; one the east 
side, adjoining the main waiting-room and the driveways, for deliver- 
ing and from wagons, for checking and for arriving baggage from 
trains; and one the west side, adjoining Avenue, for delivery 
trains. The east room contains all the usual facilities for weighing, 
checking, storage, and offices for the operating force, and for the 
Transfer Company, and the one which the has access. 
The west room chiefly passageway for reaching the various plat- 
form lifts. The two rooms have communication trucking passage- 
way under 31st Street and under the Seventh Avenue front the 
building. The following data relate baggage handling, terms 
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amount handled present summer; the ultimate capacity 


the facilities provided much greater, course, than the figures 
given: 


Estimated quantity baggage handled per hour. 220 pieces. 
Total quantity per hours.................. 
Length run from east west room......... 1350 ft. 
Time required deliver truck load 


Baggage Trucks.—There are four kinds baggage trucks for sta- 
tion uses. The special trucks, used for general baggage purposes, 
were designed and built the Motive Power Department, Altoona, 
and are similar those use elsewhere the road, except that 
they have drop frames, with floors flush with the track platforms, 
for greater convenience loading from the cars.. These special 
trucks are automobile and trailing, both the same construction, 
except that the former are equipped with electric motors and storage 
batteries. The battery twelve cells 200 ampere-hours capacity, 
with maximum discharge rate amperes. The batteries are re- 
charged stand the 31st Street baggage passageway, where 
hand-cranes, charging racks, and electrical connections, communicating 
with switch-board the Service Plant, have been placed. The 
charging current volts, and supplied small motor-generators 
the above plant, part the auxiliary power system. Other 
data regarding these trucks are follows: 


Speed, miles per hour.............. 

The following trucks are provided for different station purposes: 
Trailer baggage trucks the same type, without 

Mail-handling trucks, without motors.............. 
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Train the main concourse, the head the stairs 
each track platform, there are gates and illuminated signs describ- 
ing the destinations and the departure times trains. There are 
forty-four these indicators. They consist cast-iron columns, 
ft. high, two each gate. The top each column four-sided, 
and contains mechanism for moving steel tapes opposite the open- 
ings the four sides simultaneously; these tapes the numerals 
from are enameled. The mechanism operated crank 
key through vertical rods and gearing from sockets near the bottom 
the post; turning this key the tapes may set indicate any 
desired departure time. The posts also carry four-sided card box, 
which destination signs are displayed; these are placed frame, 
operating guides the post, and raised into position hoisting- 
drum mechanism. 

Train-Ntarting the distance between the gates 
the main concourse and the trains corresponding station platforms 
considerable, was necessary have system for quick commu- 
nication between the gateman, the conductor the outgoing train, 
and the train director the signal cabin, order insure prompt 
control the starting trains the scheduled time. 

the head the stair leading the platform there push- 
button and lamp indicator; and each platform four different 
points there inserted the column instrument containing 
push-button, indicating light, and, higher the same 
column, another light. There instrument for the same function 
the interlocking cabin controlling the train movement out the 
station. Fig. Plate view column the plat- 
form level, showing the train-starting device and telephone set. All 
these various devices are wiring, and operate 
follows: About min. before the train leave, the conductor 
inserts key the train director’s instrument, thus showing the 
number the train for which the announcement given. The 
director then moves lever, which closes the circuit and lights 
lamp the box and the platform gate indicate 
both and gateman that the route has been set for the de- 
parture the train. When gateman closes his gate the train 
leaving time, pushes button, extinguishing the indicating light 
and, the same time, the lighting the lamp the top the 
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column, notifying the conductor that the gate closed. When the 
passengers are aboard the train the conductor operates push-button 
circuit-breaker, extinguishing all lights and restoring the apparatus 
normal. 

clocks have been provided throughout the station and yard; they are 
distributed follows: Four clocks, ft. diameter, the exterior 
facades the building; fourteen, with diameters varying from in. 
ft., the public rooms; twenty-six various offices, yard 
buildings, and signal cabins, and one master-clock, the train 
despatcher’s office, synchronizing all other clocks. 

The clocks are three different types: motor-driven, impulse- 
driven, and primary self-contained. The master-clock equipped 
with transmitter and circuit-closing device transmit operating 
and synchronizing impulses the other clocks, and besides being 
close time-keeper, corrected automatically once each hours from 
signal sent out the United States Observatory Washington. 

The motor-driven the 15-ft. dial instrument the main 
waiting-room; its hands move forward slowly each min. The 
impulse clocks, comprising those the public rooms, have jump 
movement forward each min., impulses sent out from the master- 
clock through the medium transmitter. The “primary” clocks 
the offices have self-contained winding and operating mechanism, 
with winding battery within the clock and arranged corrected 
hourly impulses received from the master-clock. The primary 
clocks are multiple, and the impulse clocks are oper- 
ated series. 

central storage battery twelve cells, duplicate, provides 
the necessary source energy for operating the entire plant. Each 
battery sufficient for one work, the re-charging being done 
alternately from motor generator the Service Plant. The total 
current consumption about ampere-hours per day. 

Nearly all the clocks are lighted reflection from the general 
illumination the rooms, but those the exterior the building 
and the main waiting-room are lighted electric lamps the 
clock The casings the clocks the exterior the building 
and rooms were designed the architects, and each 
harmonize with the general finish the building. 
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Pneumatic Tubes.—For the prompt dispatch messages and small 
packages, between the different buildings throughout the yard and 
the offices the station building, pneumatic-tube carrier system has 
been installed. operates air pressure from lb. per 
sq. in., the air supply being taken from the compressors the Service 
Plant through reducing valves into low-pressure storage tanks, located 
various points throughout the yard and building, and thence piped 
the tube terminals. 

The tubes are brass, specially drawn, are various sizes, and 
have long-radius turns. Each run single tube, having ter- 
minals the ends serve for either dispatching receiving the 
carrier. The terminals are normally open, and, when the 
placed the tube, the door that end closed and air automatically 
admitted. The door remains closed until the carrier reaches the 
opposite end the line; there trips trigger which opens electric 
circuit and de-energizes the electro-magnet which holds the door shut 
the sending end. 

The are leather, and the required sizes hold mes- 
sages, baggage checks, packages tickets, depending the 
service. The length the tube runs varies from 150 1000 ft., the 
total length the system aggregating 7000 ft. 

The following are the lines intercommunication established: 

From the telegraph office the second floor the Eighth Ave- 
nue building, 2}-in. lines each the following: 
Two Pullman offices general waiting hall. 
Agent’s office baggage-room. 

Station Master’s office northwest corner concourse. 
Assistant Yard Master’s office yard under Post Office. 
From the two telegraph offices the general waiting hall, 24-in. 

lines to: 
Each Pullman office general waiting hall. 
From Assistant Yard Master’s office yard, 2}-in. line to: 
Signal Cabin “A” the yard. 
From Signal Cabin “A,” line to: 
Car Inspector’s office yard. 
From the ticket stock-room, 5-in. lines to: 
Two general ticket general waiting hall. 
From Baggage Master’s booth baggage-room, 4-in. 
line to: 
Two baggage-checking desks baggage-room, 
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engineering considerations leading the selection 
the type lighting for the Station are discussed connection with 
the design the Service Plant. there stated that small lighting 
units, rather than powerful are lamps, were adopted. This decision 
was reached, not only because the good architectural effect and the 
agreeable quality small lights, but because the effective diffusion 
secured from numerous light. general, the treatment 
adopted for different spaces follows: 

The street lighting lanterns moderate power, set posts 
ft. high, and ft. apart around the building; this system used 
extensively Europe, especially Paris. The arcade lighted 
side brackets containing clusters Nernst lamps. The rooms, 
except the main waiting-room, are lighted ceiling chandeliers, con- 
sisting rings Nernst lamps; the main waiting-room, because 
its great height, lighted near the floor only two rows cluster 
lamps posts, with limited amount side-bracket lighting for wall 
illumination; the ceiling this room intended left semi- 
thus increasing the effect height night. The concourse, 
having its roof and floor largely glass and ironwork, was difficult 
space light agreeably and effectively; after experiments with various 
kinds lights, was decided that rings Nernst lamps around the 
columns, and ring chandeliers for the central spaces, gave the best effect. 

For general illumination, the offices are equipped with ceiling 
lamps; desk circuits, however, are provided the base-boards 
each room. The platforms are lighted Nernst units about ft. 
apart and high above the floor local conditions permit. The 
intensity the platform lighting, will noted from the list, 
relatively low compared with other spaces, but ample. 

The question the best type lamp for lighting the Station was 
given much consideration. the time when decision was necessary, 
choice lay between the ordinary carbon filament, the metalized carbon 
filament, and the Nernst. This latter form uses made 
mixture rare metallic oxides, and not sealed exhausted 
bulb, are ordinary incandescents. The Nernst lamp gives light 
agreeable quality, and its construction such that the light radiated 
from the lower hemisphere without the use reflectors, thus readily 
adapting general illumination from overhead sources; further- 
was decided more economical than other forms 
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For these reasons was decided adopt for all general illumina- 
tion the Station; certain special cases, however, such for the 
lamp-post clusters the main waiting-room, for desks the offices, 
incandescent lamps, either carbon tungsten, are used. 

current, used the Station for lighting and motors, dis- 
tributed the required voltages from main switch-board the 
Service Plant through cables sub-switch-boards, located centers 
the main divisions the Station; from these boards further 
distributed local boards the smaller sections, individual 
rooms, and finally the room switches the offices, large groups 
lights the public rooms. All the larger public rooms are supplied 
with current from duplicate sets feeders, one set which con- 
nected emergency bus the Service Plant. The main feeders 
from the Service Plant are carried through the pipe subways under 
the tracks and special pipe and wire shafts built the Station 
Building walls. The branch are generally carried top 
the concrete floor arches and built into partitions. All feeders and 
sub-feeders are three-phase; branch circuits are single-phase. The 
lighting rooms arranged that half the lights are sup- 
plied each two feeders. 

Miscellaneous power distribution arranged similar manner, 
the power the heating and ventilating motors throughout the build- 
ing being distributed directly the sub-boards these rooms from 
the Service Plant switch-board. 

Further data are given below: 


Total number lighting fixtures Station.... 21000 
Total equivalent combined candle-power lights 

Feet wire (No. 600 000 cir. mils.)........ 
Candle-power (mean hemispherical) per square 

foot, main 0.45 
Other rooms 0.60 
Offices (general 1.25 
Main concourse 0.35 
Platforms 0.25 


Heating and Ventilating—The heating and ventilating one 
the most important well one the most complicated the ser- 
vice requirements, and covers the heating the main station well 
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the numerous buildings the terminal yard, and the heating 
supply for cars standing the yard, over area about acres. 
The type heating had bearing, not only the kind and quantity 
apparatus required, but the design and construction the Sta- 
tion Building itself, and therefore the general heating scheme had 
determined prior the construction the building, and with 
intimate acquaintance the plans, order that its service could 
made harmonize therewith. 

The problem involved primarily the heating building having 
very large cubical contents, but especially one covering unusually 
large ground area, and the fact that the building has basement 
cellar proper introduced special difficulties installing large heating 
mains and radiating apparatus. The rooms the building vary 
size from the main waiting-room, 110 150 ft. and 150 ft. high, down 
the usual dimensions offices; and the occupancy covers the com- 
posite requirements railway station, restaurant, and office 
building. Many the rooms are designed house large numbers 
people, some the rooms have only indirect communication win- 
dows with the outside atmosphere, and many are below the street level; 
therefore, appeared desirable use forced-draft heating system, 
that the air might taken from suitable places and that proper 
ventilation could had summer well winter, provided 
could installed and operated moderate cost compared with 
other practicable methods. 

determine the best system heating, all things considered, 
applied the local conditions, elaborate and preliminary 
plans were made for various systems, follows: 


(a) Direct radiation the various rooms, without forced ventila- 
tion; 

(b) Indirect heating from pipe stacks located central points, the 
warmed air being distributed through ducts forced draft; 

(c) combination part direct and part indirect heating. 


appeared that portions the Station, such the waiting-rooms, 
kitchens, restaurants, and toilets, where forced heating and ventilation 
were desirable, not actually necessary, comprised least two-thirds 
the total area dealt with; and that the indirect system 
should be-used for places where essential, could extended 
embrace the smaller spaces, such the offices, without introducing 
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prohibitive complication without materially increasing the first cost 
installation over that the combined direct-indirect system. The 
conclusion was reached, therefore, that the indirect system with forced 
ventilation, both draft and suction, should adopted for all spaces 
except special isolated places, such the baggage-rooms, which cannot 
entirely closed doors, and cases the small isolated buildings 
the yard, where the direct system radiation from pipes the 
rooms should used. 

The next consideration was that the medium supplying the 
heat from central point, the source heat being the boilers the 
Street Service Plant. was concluded that low-pressure steam, 
either live exhaust, conducted the building through pipes was 
impracticable, account the great area served, the very large 
dimensions the pipe mains, pipe expansion troubles, and the lack 
opportunity for draining properly the complicated system return 
piping. Furthermore, exhaust steam thus used would cause excessive 
back pressure the engines; live steam high pressure would reduce 
the diameter some the pipes, but would still leave unsettled the 
question proper drainage, and would make difficult control the 
pressure widely separated points. The cost operation would also 
high, advantage could taken the economy gained 
passing the steam first through the engines produce light 
power. The remaining method, namely, the use water heated 
central point near the engines exhaust steam from them, and dis- 
tributed pumping through piping system locally placed stacks 
the building, appeared best. Such system involves small pip- 
ing only, free from drainage troubles, convenient for regulation, 
and gives the best quality heat under varying weather conditions. 

While, above indicated, was concluded that the water system 
distributing heat was the only one filling the practical necessities 
this particular case, estimate was made the comparative first cost 
all systems, and was found that the three available did not differ 
greatly this respect, and that the indirect system with hot water 
could installed low first cost that any other. 

Comparison was made the operating cost both the direct and 
indirect systems, the basis both live and exhaust steam-heating 
means. was found that the lowest operating cost would obtained 


using exhaust steam heat water circulation with direct-heating 
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radiators the rooms. Forced ventilation, however, which above 
stated was considered necessity, would not entail greatly increased 
operating cost the use indirect-heating stacks, the supply 
exhaust steam would ample for all except the severest weather. 

Steam from the boilers the Service Plant passed through the 
various engines used for lighting, for air compressors, pumps, and 
the exhaust taken into tubular water heaters. Motor-driven centri- 
fugal pumps water through these heaters the closed-pipe 
system into and through nine heating chambers various parts the 
Station Building. From these the water returns the circulating 
tanks and used again. Connections are also made the water 
heaters, that live steam can used when Through the 
heating stacks the building fresh air delivered from hoods the 
roof, being drawn fans and forced through system galvanized 
sheet-metal ducts into the various rooms the building. general, 
the warm air admitted near the floor line and the foul air 
drawn out suction fans near the ceilings the rooms. The 
design the building such that the heating stacks may located 
places where they occupy little valuable space, and the heating ducts 
are most cases run the ceilings the rooms and passageways. 
Fig. Plate shows typical portion the piping and hot 
air duct system the Station. 

The total volume heated the building ft., 
and was estimated that provide proper heating and ventilation 
under maximum conditions would require the circulation 
lb. water per hour temperature 200° Fahr. with return 
temperature 160 degrees. The fans (Fig. Plate LXXVI) and 
loeal stacks (Fig. Plate used for transferring this heat 
have capacity 37000000 cu. ft. air per hour raised from zero 
Fahr., requiring about 000 000 thermal 

The total loss for exposure, with the outside temperature zero 
and the inside temperature 70° Fahr., about 30000000 
per hour, and the air entering the rooms such times heated 
about 120° Fahr., with discharge velocity about 300 ft. per min.; 
average drop 10° allowed for losses the air ducts. 

The heating surface the nine heating chambers aggregates 
sq. ft., made cast-iron cellular units fifteen different 


stacks. Each these stacks provided with motor-driven fan, 


the motor being belted the fan pulleys, that the fans may 
driven either single motors groups. The fans are multi-vane, 
and the motors are the three-phase induction type, varying horse- 
power from 40. The fan capacities vary from 000 


cu. ft. air per min. Screens are provided the fan chambers for 
cleaning the air. 


Ventilating System.—Galvanized-iron ducts and exhaust fans are 
provided for ventilating purposes addition the heating fans. 
There are twenty-one different fans for the purpose, varying capacity 


from 000 cu. ft. air per min., with belted motors varying 
capacity from h.p. The total capacity these ventilating 
fans 000 000 cu. ft. air per hour, sufficient change the air 
the different sections the building from three ten times per 
hour, depending the the particular space. 

the rooms used for different purposes communicate with one 
another, was necessary, designing this heating and ventilating 
system, provide for suitable differential pressures the rooms, 
order that odors should not communicated from one room that 
adjoining; this especially necessary the ventilation the kitchen 
and serving-rooms and the various toilet-rooms. The pressure 
these rooms, maintained below that those adjoining, 
that the ventilation into them rather than the reverse. The 
ventilating system flues and fans, therefore, divided into two 
sections, giving entirely separate ventilation for the kitchens and 
toilet-rooms. Ventilation the toilet fixtures accomplished with 
local vent closed space back each fixture, which turn 
connected exhaust vent, that, operation, current air 
continually drawn into the toilet-rooms, passed through the fixtures, 
and discharged above the roof the building. 

order economize the amount heat required the large 
rooms very cold weather, arrangements have been made 
by-pass the discharge from the ventilating fans, either part 
entirely the outside atmosphere, the heating stack chambers; 
thus the warmed air from the rooms may used again any propor- 
tion desired. The number separate register openings required 
throughout the building control the inlet and egress air for 
heating and ventilating 3000. 


plumbing comprises the extensive system piping 
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and apparatus for toilet-rooms and lavatories throughout the Station 
Building and yard. the various terminal buildings, exclusive 
those the Post Office, separate toilets have been installed. About 
one-third these discharge directly into the sewers, and the remaining 
ones through ejectors. The capacity the various toilets was 
determined careful study established practice for office buildings 
and public places. the rooms the Station alone, 846 fixtures have 
been provided, and total 932 throughout the entire area. 

The main public toilets are noticeable for their size and complete- 
ness arrangement. They are located immediately under the sub- 
waiting-rooms, the level the exit concourse, and are accessible 
lobbies from the sub-waiting-rooms, and directly from the exit con- 
course. The men’s toilet consists free room containing closets, 
urinals, and wash-basins, and pay toilet with closets and 
basins separate enclosures. The women’s toilet similarly arranged, 
and contains 100 free closets and wash-basins, and pay toilet 
compartments having toilets and lavatories. The interior these 
rooms finished with marble floors and Carrara glass side-walls and 
partitions between fixtures. 

All piping has been placed galleries compartments behind the 
fixtures, and all pipes are exposed for inspection and repair. This 
arrangement somewhat unusual because the limited vertical height 
between the floors the waiting-rooms and the clearance over the track 
level, requiring that the fixtures have side outlets. 

Water supply for the toilets obtained from the pumps the 
Service Plant; the flushing water the waste from the jackets the 
compressors and refrigerating plant. More than miles piping 
were used the runs the various plumbing fixtures. 

The toilet-rooms which have their waste level below that 
the city sewers the adjoining streets and avenues required special 
system for elevating and discharging the waste the level the 
sewers. The ejectors designed for this purpose use air pressure 
from lb. per sq. in., operating automatically. They are 
located twenty-two central points niches the subways under 
the tracks. Fourteen the ejectors have capacity gal. and 
eight 100 gal. per min. Separate lines pipe supply air from the 
compressors the Service Plant storage tanks near each group 
ejectors; these points reducing valves are placed give the 
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pressure required. Pipes from the ejectors are run through the sub- 
ways the nearest convenient points adjacent columns the 
building and viaducts, which they are run the street connections; 
the lift generally from ft. 

Cooled Drinking Water.—Pure drinking water uniform tempera- 


ture distributed throughout the building separate system 


piping. There are 158 special drinking fountains the public rooms, 


the restaurant, and the office corridors. Water from the city mains 
delivered the Service Plant Street, where filtered, 
cooled 40° Fahr., and pumped the fountains. the public 
rooms the fountains are supplied with vending machines which dis- 
pense drinking cups cent each. 

Pipe connection with the description the various 
piping systems, reference has been made the difficulty finding 
proper space for the pipes and heating ducts building which has 
cellar basement; many these pipes are large size, and 
should located where they can inspected from time time. The 
problem was finally solved constructing the floor truss system, 
under the main waiting-rooms and the baggage-rooms, pipe gallery 
having extent about acres. This space T-shaped, and 
height varying from ft.; intersected numerous trusses 
and lattice bracing, but sufficiently open permit installing 
large part all the piping needed for the building services above, 
well heating ducts for the public rooms above. communicates 
directly with the pipe gallery under 31st Street leading the Service 
Plant. From this gallery number the vertical pipe shafts, leading 
into the building, are reached, that the main runs pipe are 
everywhere accessible. All steelwork the gallery fire-proofed 
encasing cement, according the Regulations the City Building 
Department. 

Fire Protection—The fire protection the building described 
connection with the general system under the heading, “Station 
Yard.” 

Watchmen’s patrol the building hourly, and 
each time register consisting portable regis- 
tering clock. required record the time stations inserting 
the clock key kept special box each station. There are 


key boxes thirty-eight points the building, and they are placed 
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require the watchman pass through all important sections 
making round. 

Restaurant.—The dining- and lunch-rooms each have serving-room 
attached, with kitchen, store-rooms, refrigerator-rooms, offices, and 
help quarters above. All these are thoroughly appointed with most 
modern apparatus throughout. The seating capacity the dining-room 
500 persons, 125 tables; the lunch-room, tables, 160 per- 
sons, and stools the counters. 

The refrigerator contract called for the installation forty cold- 
storage rooms, the largest which ft., containing about 
12000 cu. ft. The insulation compressed sheet-cork the best 
grade; the inside walls are Carrara glass, and the floors are tile. 
The boxes are cooled overhead brine pipes, receiving circulation 
from the refrigerating machines the Service Plant. The tempera- 
tures these boxes vary from 38° Fahr., according the purpose 
served. 

The kitchen contains twelve roasting ovens, three charcoal broilers, 
and three gas broilers, all erected under hood ft. long. The 
pastry-room contains gas range with ten ovens. The miscellaneous 
equipment includes electrical apparatus for meat-chopper, potato- 
parers, knife-cleaners, and the service-rooms have electrically- 
operated dish-washing machines, steam-tables, ete. 

Eighth Avenue front the building, and eastward 
the side streets the concourse, contains the office section, three 
floors. The first floor devoted the Depot Master and train staff, 
with locker-rooms, hospital, police department, and funeral-rooms. 
The second floor contains the offices the Division Superintendent and 
staff; the third floor contains the General Offices the Long Island 
Railroad, and the President and staff. the Seventh Avenue side 
there are two floors offices, present not fully assigned. 

Employees’ Conveniences.—In addition the above, the fourth 
floor, Eighth Avenue and Thirty-first Street, has been fitted for 
the housing and recreation employees. The Thirty-first Street side 
contains sleeping-rooms, toilet and bathing facilities; the present 
capacity 175 beds. The entire Eighth Avenue front has been fitted 
for Young Men’s Christian Association, with assembly hall, 


lecture-rooms, library and reading-room, billiard-room, bowling-alley, 
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and gymnasium; there also large lavatory with shower-baths, and 

locker-room. All the above have been completely furnished. 
Various small buildings, listed elsewhere, have been provided 

the track level, under the Station and the yard, for toilets, locker- 


and waiting-rooms, for employees and off duty, awaiting trains. 


Orrice 


The change destination all through trains the Pennsylvania 
system from the Jersey City the up-town New terminal 
required revision existing facilities for handling mails, which 
about 250 tons are cared for daily. Anticipating the growing import- 
ance up-town central distributing Post Office, the United States 
Government purchased from the Railroad Company plot about 
400 400 ft., immediately west Eighth Avenue, comprising por- 
tion the Station yard, site for suitable building. the deed, 
the Railroad Company reserved the right easement for their uses 
all space below plane substantially feet above the yard track 
level. conveying the property the Government, certain necessary 
agreements were entered into regarding the character the building, 
the location the supporting columns and foundations, and provision 
for open spaces around the building admit light the tracks 
underneath. Pursuant this deed, the Government has planned and 
erecting extensive and monumental building, and, while the Rail- 
road Company not responsible for the design the building proper, 
the necessities the yard construction work required that the foun- 
dations should put prior the time when the building contracts 
were ready let, and simultaneously with the great variety sub- 
structure work the yard. was arranged, therefore, that the Rail- 
road Company, conference with the Architects the building, 
should plan and construct these foundations for the Government. 

Design.—The following description the architectural motif 
this fine building has been furnished Messrs. McKim, Mead and 
White, the Architects, and will interest connection with the 
history the general terminal facilities. 

“The architects have endeavored, while keeping mind the prac- 
uses the building, give the monumental character which 


Government building such importance should possess. gen- 
eral, may said that any building modern height New 
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York likely inferior height those eventually around 
it, the chance compete with them will depend largely upon the 
great scale and unity its design. For this reason the exterior was 
planned with few breaks possible its facades, and columnar 
motif running through two stories was adopted. 

“In determining the character the building, due consideration 
was given the proximity the Pennsylvania Station, and, order 
that might harmony with that building, the style adopted was 
Roman, and the same time was considered that the building 
must have quality its own which would associate with 
the Governmental class building. Rarely has favorable oppor- 
tunity been presented for producing, scale commensurate with the 
Fora Rome, such development colonnaded 
facades complementary each other and lending themselves that 
unity seale and style productive the greatest effect. 

“As matter composition, the Railroad Station having three 
pavilions, building opposite it, and shorter, with the same number 
pavilions, would impossibility, and therefore the design was 
studied with the view avoid conflict central motives; and for 
this, among other reasons, the design the Eighth Avenue facade 
the Post Office shows two pavilions joined unbroken row 
columns the same diameter those the Station, arrange- 
ment which brings the two buildings into proper relation, produces 
the greatest possible effect the given space, and which is, moreover, 
expression its plan. 

“The approach the building the Eighth Avenue 
front granite steps the entire length the colonnade, and sub- 
ordinate approaches are also arranged for means granite steps 
giving access the north and south fronts the corner pavilions. 

“The facades the streets are continuous and the same general 
motif the Eighth Avenue front, pilasters being used instead 
columns. The street are also terminated pavilions the 
westerly ends. The architectural style selected Roman-Corinthian, 
that the Station being Roman-Doric. The exterior material 
granite. 

“On the ground floor the building the space allotted the public 
the form wide corridor extending back and line with 
the above referred to, back which corridor the general 
working space for distribution, handling mails, ete., and the 
westerly front the building private driveway, connecting 31st 
and 33d Streets, which access the building given mail 
wagons and other city deliveries. 

“Directly over the corridor the Eighth Avenue front the 
level, and the center the facade, located the Post- 
master’s suite rooms, and either side and extending somewhat 
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back the north and south fronts are located the rooms his 
principal assistants. 

mezzanine floor, between the first and second floors, and which 
wholly back the public corridor above referred to, assigned 
chiefly swing-rooms, locker-rooms, toilet facilities connection 
with both above, and for record- and document-rooms. 

“The Eighth Avenue front the third story the building 
assigned the use the Executive Staff the Railway Mail Service; 
other parts the second, third, and stories the building are 
assigned generally the working force the various Departments. 

“The westerly and southerly portions the basement the build- 
ing are assigned the working force the Railway Mail Service, 
and direct communication between this service and the Railroad Com- 
pany’s tracks and platforms, and between this service and the work- 
ing space for mails the floor above, had means mail con- 
veyors, elevators, chutes, and other mechanical installations. Other 
portions the basement are assigned newspaper and parcel dis- 
tribution, mail sack storage and repairs, cashier’s stock, ete.” 


The work for which the Railroad Company responsible con- 
nection with the Post Office, the location the building columns 
relation the tracks and platforms, the planning and constructing 
the roofs for the light areas between the building and the street 
and the provision for handling mail between the delivery 
floors the building and the beneath. 

Building Columns.—The columns have been laid out substan- 
tially the same plan and spacing adopted for the supports the 
Station, for building approximately the same general height and 
loading. There are 200 columns the platforms and between the 
tracks. The foundations for these columns are concrete, the 
level the grillage, constructed the Railroad Com- 
pany part its substructure work. 

Connecting Roofs—The connecting roofs consist permanent 
vault-light covering for the areas between three sides the building 
and the adjoining street viaducts. The construction takes the form 
generally flat roof carrying glass vault lights set con- 
They are the usual sidewalk-light type, and give about 40% 
the total for glass area. The roofs are set elevation about 
ft. below the sidewalk level, and are designed sustain load 
100 lb. per sq. ft. The roofs have sufficient slope drain points 
ft. apart, from which the drainage piped the yard system. 
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Mail-Handling present about 40% the entire 
amount mail originating New York for outside points received 
and dispatched the Pennsylvania Railroad. the heaviest days 
from 220 260 tons are carried from 000 000 pouches, each 
weighing about 200 The great bulk this mail, about 80%, has 
been heretofore delivered Jersey City wagons directly into postal 
mail storage cars side-tracks adjoining the station and convenient 
for the teaming yard; these cars frequently lie the tracks several 
hours while loading and unloading. 

Practically all this mail, addition that from the Long Island 
Railroad, and, later date, possibly, from the New Haven Road, 
must provided for the new Station, under physical conditions 
different from those existing Jersey City. The new Post 
Office Building being over the railroad yard, obvious that un- 
limited track space for standing mail cars, platform space for load- 
ing mail into the cars, cannot provided; fact, the value each 
foot space the great that provision must made 
handle the mail the most expeditious manner, and very limited 
track room. 

The track space assigneed especially for standing mail 
centrally 
Post Office Building, and consists six tracks, adjoining four the 
central platforms, having total maximum storage capacity twenty- 
six postal cars. Numerous plans were considered the Joint Com- 
mittees Postal and Railway officials for the utilization the avail- 
able track and platform space, order load and unload the 
the shortest possible time and with least manual effort, and was 
thought essential develop complete system mail-handling ma- 
chinery, consisting chutes and horizontal conveyors for outgoing 
mail, and horizontal conveyors and bucket lifts for incoming mail, 
together with vertical lifts for mail trucks. This system designed 
reach, not only the Post Office Building, but, through the trucking 
subways under the tracks, any part the main Station Building, and 
provides for the mechanical handling all bulk mail for railway 
post office storage cars, and the convenient trucking and elevating 
sacks and from combination cars standing any station plat- 
form. general, the system may described follows: 


the yard, partly under and partly west the’ 
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Incoming Mail.—Mail less than car-load lots, combination 
will unloaded the train stands the Station, trucks, 
and conveyed the Post Office either along the platforms or, utiliz- 
ing the nearest baggage lift, descending the trucking subway under 
the tracks, and thence the Post Office lifts. the case car-load 
lots and bulk mail, the cars will switched the tracks adjoining 
platform No. where the mail will unloaded manually and dumped 
into hoppers the platform. From these hoppers the mail pouches 
will pushed automatically compressed-air rams belt con- 
veyor located under the platforms; this belt will convey the bags 
point where tilting tray operates transfer them automatically 
vertical bucket lift, which will elevate them into the Post Office 
mezzanine floor, from which they will delivered through spiral 
chutes, and, the option the employees, either the receiving 
mail platform the first floor the basement the building. 

The compressed-air rams, for charging the pouches 
chutes the belt conveyors, consist pair tandem cylinders and 
pistons different diameters fastened one piston rod, for the pur- 
pose getting differential effect; reciprocating action secured 
different pressures obtained through two lines piping, one sup- 
plying and maintaining constant pressure between the two pistons 
and the other supplying variable pressure applied the outer end 
the larger piston. The necessary timing effect secured group 
ram-operating valves with cams driven mechanically shaft 
from the bucket-lift mechanism. Thus the ram pushers will deliver 
the pouches the belt the proper intervals taken the 
lift when unloaded there. Co-ordination between the move- 
ment the rams, the loading trays, the conveyors, and the lifts, 
further secured centering the motive power one motor. 

Outgoing less than lots will handled 
directly into the cars manual unloading from automobile trucks; 
these may reach the cars through the trucking subway and baggage 
lifts, along the platforms from the Post Office lifts. Bulk and car- 
load mail, however, will delivered into the cars automatically from 
the Post Office floors, follows: The four central platforms, before re- 
ferred to, adjoining the six tracks, are provided overhead 
with horizontal belt conveyors; these conveyors are placed housings 
attached the framework the building, and west it, special 
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structures carried columns set the platforms. The conveyor 
belts are driven electric motors speed about 100 ft. per 
min., and included their paths are self-propelled carriages operating 
and running tracks the housings. These car- 
riages may run automatically any desired position opposite the 
doors and operate trip the mail pouch into spout attached 
the carriage and thence into the door. 

Mail from the working floor the building delivered the 
belt conveyors through spiral chutes, single, double, triple quad- 
ruple, requires, for simultaneous delivery from the various 
building floors and either the two conveyors east and west 
each platform. Fig. Plate view the mail-handling 
machinery under the Post Office. 

addition the conveyor system described, there are four 
hydraulie lifts, the plunger type, affording trucking communication 
between the building, the platforms, and the subways. 

All the foregoing mail-handling facilities were provided and 
will operated the Railroad Company. The special conveyor 
machinery was designed Messrs. Marks and Woodwell, Consulting 
Engineers for the Architects the Post Office, and was installed 
the Lamson Belt Conveyor Company. The work was administered 
and co-ordinated the usual manner through the office the Chief 
Engineer the Railroad Company. 


Express 


The terminal operation does not the present time include facili- 
ties for the handling express freight matter; this class business, 
for the time being, least, will cared for the Jersey City 
Station the Pennsylvania Railroad, and Long Island City for the 
Long Island Railroad, heretofore. provide for the possible 
future handling Express Company’s freight the new terminal, 
was set aside for Express Building the west side 
Ninth Avenue, adjoining 31st Street. The area required the build- 
ing was excavated part the terminal yard, and, pending the 
erection the building, will used for general storage yard. The 
area will admit building 130 180 ft., and the yard space under 
will provide for one wide loading platform with track each 
side, accommodating total express cars, with two additional 
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platforms the yard between Eighth and Ninth Avenues, accommo- 
dating cars. The total storage and loading capacity the express 
yard tracks cars. 

The express platforms will reached from the building 
hydraulic lifts, communicating with the main platform under it, and 
thence the trucking subway system under the tracks and the 
other two platforms, and desired, continuing through the subway 
the main Station Building. 


Aside from the traction requirements, there are numerous and 
important uses power various forms large Station, namely: 

(a) Heating and lighting the Station and other buildings; 

(b) Steam, compressed air, and water supply for cars; 


(c) Air supply for the signal system, for tunnel drainage pump- 
ing, and for sewage ejectors; 


Water supply for various purposes the buildings, and for 
fire protection; 


(e) Hydraulic power for elevators and lifts; 


(f) Refrigeration for cold boxes kitchens and restaurants, and 
for drinking water; 


(g) power for lighting buildings, tunnels, and yards; 
stationary motors for elevators, heating and ventilating fans 
building and tunnels; motors for pumping yard and 
tunnels; power for car battery charging, operation tele- 
phones, clock system, and other minor uses; 

(h) Traction power for moving trains. 


proper housing all these important facilities 
required large amount space. The character and location the 
Station precluded their installation building, and central 
space for special building was available the yard without sacrifice 
valuable track room. Fortunately, convenient location was available 
relatively cheap property the Company the south side 31st 
Street, about midway between Eighth and Seventh Avenues, and 
directly accessible, under 31st Street, from the Station and yard. The 
building erected the plot has frontage 160 ft., depth 
ft. ana height ft. above the curb, with depth ft. below. 
The building (Fig. Plate was designed height and 
character harmonize with the Station Building, with endeavor 
maintain the standards the Station all Company construc- 
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tions. The fagade was designed Messrs. McKim, Mead and White, 
and Stony Creek pink granite, similar effect that used for 
the Station exterior. The building construction fire-proof through- 
out, having steel framing, masonry walls, and concrete floors and roof. 
The machinery the various floors, and the coal storage and stacks 
required very heavy framing, tons steel having been used 
the structure. The general plan, shown the drawings (see 
Fig. 7), divides the building fire-wall vertically into two main 
parts, the west half being devoted the machinery and boiler plant, 
and the east the traction sub-station, offices, and store-rooms. 

The basement, which the level the sub-grade below the 
tracks, contains the foundations for machinery, the engine piping, 
garbage destructor, cable-splicing chambers, and the main entrance 
the pipe and trucking subways under the yard. The engine-room 
the floor above (see Fig. contains the lighting generators, the air 
compressors, the hydraulic power pumps, refrigerating engines and 
apparatus, and the heaters and circulating pumps for the Station. 
The third floor contains the fire and boiler pumps, water-storage tanks, 
and pipe gallery the Station Building. The next, street floor, 
contains the boiler-room, above which are floors for coal storage, fan- 
and economizer-rooms. brick stack terminates above the roof. Plate 
LXXVIII shows the main air compressors and the steam turbo-gen- 
erator units. 

The east half the building (see Plate LXXIX) contains the 
traction sub-station, and has three floors below the street, for the cable 
inlets, bus-bar structures, and switching apparatus, and main street- 
level floor for the rotary and switch-board room (see Fig. Plate 
Two store-room floors are above this, and the top floor 
fitted for offices used portion the operating staff. 

Boilers—Space has been provided for ten 
boilers arranged two rows five. row provided with 
independent draft system, smoke-flue, economizers, and stack. The 
initial installation consists five these boilers the east side 
the room; this equipment sufficient provide for the heating load 
the buildings erected the present time, and the yard, 
the basis estimated load 2500 b.h.p. the coldest day 
the winter. When the proposed express and other buildings around 
the yard are erected, additional boilers will installed required. 
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The boilers are arranged with shaking grates, for hand-firing with 
small sizes anthracite coal. Draft produced short stack 
supplemented with forced draft under the grates, furnished fans 
the type, with 70-in. wheels, direct-connected steam 
engines. The stack brick from its base the roof the building, 
and carried steel framing from the basement. has inside 
diameter ft., and present ft. height above the roof, 
127 ft. above the grates. tall buildings some future time adjoin 
the power-plant, the supports will admit carrying the stack 150 ft. 
above the roof. 

The ashes from the boilers are dumped into concrete-lined hoppers, 
arranged with the necessary gates discharge into hopper cars which 
are moved tracks ash-storage bunker tons capacity 
under the 31st Street sidewalk. From this bunker the ashes are carried 
belt-driven conveyor railway cars standing the southernmost 
track the terminal. The conveyor arranged that may 
extended over the car when use. 

Coal delivered car the track front the Service Plant, 
dropped into hopper under the track, and elevated belt con- 
veyor discharging into feeding hoppers the basement; from these 
hoisted skips and discharged into the coal bunker belts. 
This bunker above the boilers, and has storage capacity 1000 
tons, about one week’s supply. 

Two economizers, each 1050 tubes capacity, are provided for 
each row five boilers, and located above the boiler-room. The boiler 
feed-pumps are the compound duplex type, each pump having 
cient capacity take care the entire load under maximum con- 
ditions. 

Water Supply.—Water for all purposes the Service Plant, Sta- 
tion, and yard, obtained from two private 12-in. mains 31st Street, 
connected independent city mains Seventh and Ninth Avenues, 
respectively. water metered the building and distributed 
through piping systems, later indicated. emergency supply 
ease complete shut down the city mains for considerable 
period, two storage tanks, having combined capacity 75000 gal., 
have been installed. The water system provides for: 


(1) Boiler feed; 


(2) Fire protection; 
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(3) Fresh water for the general services connection with 
kitchens and restaurant, and for lavatory purposes; 

(4) Water for cooling air-compressor jackets; inter-coolers and 
after-coolers for the ammonia condensers, which after- 
ward used for flushing toilets; 


(5) Water for general yard purposes, such car cleaning. 


Water for all purposes drawn from the mains and storage tanks 
the pumps, listed under the plant apparatus. There are two fire 
pumps, the “Underwriters’” pattern, and they are kept constantly 
under steam, working slowly through regulators set maintain 
constant pressure lb. per sq. in., and drawn from limited 
extent for yard purposes. They are cross-connected work singly 
battery. 

For house-service purposes there are four duplex plunger, steam- 
driven pumps, having capacity 300 gal. per min. Two these 
pumps (one being reserve) are used for flushing-water for the toilet 
fixtures the Station, and obtain their supply from the cooling water 
the refrigerating plant and air compressors, which deliver into 
000-gal. storage tank the roof the Service Plant. Two pumps 
(one being reserve) are used for pumping fresh water into second 
000-gal. storage tank the roof, and furnish fresh water for various 
purposes the Station, for which the cooling water used for flushing 
would not suitable, such for kitchen and restaurant purposes. 
These latter pumps deliver into two 1500-gal. tanks the roof the 
Station Building over the kitchens. 

For operating the elevators and lifts the Station and 
Post Office Buildings, three pumps have been provided; one 500-gal. 
high-duty, crank-and-fly-wheel pump, one 500-gal. compound, duplex, 
direct-acting, and one 500-gal. compound, duplex, direct-acting. These 
pumps are shown Fig. Plate sizes were selected 
after study the operating conditions during the busy-hour sched- 
ule, the maximum estimated quantity water required such time 
being 2000 gal. per min. This requirement met operating one 
the large pumps and the small one. During the winter, when 
exhaust steam needed for heating, the direct-acting pump will gen- 
erally used, the high-duty pump being used when the demand for 
exhaust steam light. These pumps operate steam pressure 
150 against back-pressure from the exhaust, and furnish 
water 300 gauge pressure with back-water pressure 
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The heating system for the Station Building, elsewhere described, 
requires heaters for the water, and pumps for circulating the hot 
water. There are three heaters the Service Plant. They are steel 
drums, thick, ft. in. diameter and ft. long. Each con- 
tains 557 2-in. wrought-iron tubes, giving 830 sq. ft. heating sur- 
face. Steam passes through these tubes, and the water circulates 
around them, with suitable baffle-plates secure the maximum effi- 
ciency the heating surface. Each heater piped 
pump the centrifugal type, direct-driven 
motors. 

Air air required for operating 
and signals, brake-testing the yard, pumping the tun- 
nels, and for the sewage ejectors and the air cleaning machines. These 
various services were estimated require rated compressor capacity 
1900 ft. free air per min. exhaust steam required for 
large part the year for the Station heating, was found more 
economical install steam- than motor-driven compressors. There- 
fore, two were provided, each capable supplying the maximum total 
service demands. The machines are the cross-compound, two-stage, 
Nordberg-Corliss-valve type, each having capacity 2000 cu. ft. 
free air per min., and compressing lb. per sq. in. The com- 
pressed air passed through after-cooler, located 
the roof the building. order, however, provide for the higher 
pressure required for testing air brakes there separate 
compressor plant consisting two two-stage, tandem-cylinder ma- 
chines, each having capacity 100 cu. ft., and driven through link 
belts 30-h.p. induction motors. These compressors deliver air 
pressure 125 lb. per sq. in. separate piping system the yard. 

Refrigerating Plant.—Refrigeration required for the boxes 
the and dining-room department the Station, and for 
cooling drinking water for fountains various rooms and 
corridors. The maximum requirements for all these purposes equiva- 
lent the melting tons ice per day during the summer, 
average tons throughout the year. 

Much consideration was given the question the most con- 
venient and economical means providing the required refrigeration 
for all terminal railroad purposes. The cooling stationary boxes 
ice would require the regular delivery large quantities ice 


great number separate places, considerable inconvenience, and 
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was that refrigerating plant would furnish the require- 
ments lower cost, when installed the Service Plant, together 
with the other facilities that building. Ice, however, must sup- 
plied limited quantities for the and for drinking-water the 
restaurant. For these latter purposes was thought best bring 
ice through the tunnels, and deliver directly from the car 
the yard, from ice-storage room provided the Service Plant. 

For the general refrigeration, however, complete plant was in- 
stalled, consisting two units each tons capacity, one unit 
being generally available spare. These circulate cooled brine 
through piping system the Station Building. The temperatures 
required the cooling boxes throughout the building vary from 
minimum 10° Fahr. the ice-cream box, 28° Fahr. the meat 
boxes, order that the outgoing brine from the refrigerating system 
would leave the cooler temperature low degrees. 
brine-circulating pumps have been installed, each being sufficient 
cireulate the required brine. order utilize the available floor 
space, vertical compressors were adopted, direct-driven horizontal 
engines. They are single-acting, compression being accomplished dur- 
ing the upward stroke, and thus bringing only low evaporating 
ammonia pressure the piston rod and piston packing, and minimiz- 
ing the ammonia leakage. Each compressor rated tons capac- 
ity the basis 185 lb. gauge, and evaporating ammonia pres- 
sure 15.67 gauge. The engines have Corliss gear, operate 
rev. per min., and have capacity The condensers are 
common both the compressors, and are about tons 
with room extend them later found necessary. They are sub- 
divided into sections, pipes high, and are controlled valves, 
allow convenient cleaning and repairs without interruption the 
service. The interior arrangement consists horizontal, double- 


pipe system, made 2-in. outer pipes, carrying ammonia gas, and 


inner pipes, carrying cooling water. The pipes are ft. long, 


and their ends are joined return bends and arranged for counter- 
current ammonia gas and water. The brine cooler con- 
sists nest double piping similar arrangement the con- 
denser. The outer pipes, which are in. diameter, contain the 
ammonia gas, and the 2-in. inner pipes, the brine circulation. 
Drinking Water—The apparatus comprising the drinking-water 
system the Service Plant, and consists meters for measuring 
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the water from the city mains, filtering plant having capacity 
400 gal. per hour; cooling and storage tank, having capacity 
700 gal., operating connection with the refrigerating plant de- 
scribed the previous section, and two motor-driven, centrifugal 
pumps, delivering the cooled and filtered water the special piping 
system for the fountains throughout the Station. The filtering 
done alternately two cast-iron, porcelain-lined drums, first through 
sand and then through The current these drums re- 
versed when required for cleaning. The water-cooling tank 
steel plate, enameled inside with glass enamel in. thick. The 
water cooled this tank direct-expansion, ammonia-pipe coils, 
forming part the general refrigeration plant. 

Garbage Destructor—It was estimated that about tons wet 
kitchen garbage and the same quantity dry refuse would accumulate 
the terminal per day. Its prompt disposal was arranged for 
the installation incinerating plant the basement the 
Service Building. This destructor the Morse-Boulger make, 
and consists furnaces lined with fire-brick and containing four 
separate grates. one these the dry refuse (or coal) used for 
fuel supply heat for drying out and burning the wet refuse, and 
second fuel grate provided for auxiliary fire consume the 
gases from the offensive refuse. Two fire-brick grates, upper and 
lower, are used for wet garbage, which dried and consumed 
the heat from the fuel grates. The gases pass from the furnace the 
main boilers and thence the stack. 

Garbage brought from the kitchens closed wagons cold 
room the building, where may remain until the furnace ready 
for charging. then dumped tray the floor above, sorted 
for valuable articles, such silverware and linen, and then charged 
into the furnace through grating the top. 

Lighting and Power approximate elec- 
power requirements for all purposes (except for traction) are 
follows: 


Motors for ventilation and station elevators... 1325 
Motors for tunnel ventilation............... 
Motors for Post Office mail-handling machinery 


Power for signal 
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All these various requirements might conceivably met the 
use one source electric power, and would possible take 
the current from the main traction generators; but can readily 
seen that the services are important that they cannot considered 
incidental, and therefore, the power system selected for them should 
not sacrifice perfect reliability and adaptability the utmost degree 
simplicity and economy installation, even operation. The fol- 
lowing considerations, therefore, were the guiding ones designing 
this miscellaneous power system. 

First.—It was determined light the Station Building by. small 
individual lights, rather than powerful are lamps; and, for reasons 
economy, elsewhere explained, was decided use Nernst 
lamps for the general lighting, form lamp requiring, for economy, 
alternating current 240 volts. 

Second.—The tunnels require lighted all times 
system which independent the traction power, that case 
failure this latter, there will still lights outside the trains. 
The kind current used for Station lighting will likewise suita- 
ble for the same purpose the tunnels. 

power needed for operating the signal system, 
elsewhere explained, and must, part, the alternating-cur- 
rent type; the lighting generators, therefore, are suitable for the 
needed supply. 

Fourth.—Alternating current may also used for the various 
stationary motors, except that case the elevators, alter- 
nating-current motor control has not been thoroughly perfected 
the case direct-current control. Therefore, was decided 
operate all motors, except those for electric elevators, from the same 
alternating-current generators were used for other miscellaneous 
power purposes. order not introduce another system genera- 
tion for electric current, was decided operate the elevators directly 
from the traction circuits 650 volts. 

Fifth.—For purposes car-battery charging, telephones, 
clocks, ete., small motor generators are used, converting the alter- 
nating into direct current the required voltage. 

The next consideration was that properly safeguarding the gen- 
eration miscellaneous power, with due regard economy first 


cost and operation. the Service Plant essential for heating and 
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other yard purposes, seemed, logically, the proper one furnish 
auxiliary electric power, the exhaust steam from the engines could 
utilized cold weather provide heat for the Station Building. 
laid out, therefore, the miscellaneous electric power system con- 
sists two independent sources power generation, with duplicate 
machines each source; and machines the alternating-current type 
are used, permitting distribution the various services any desired 
voltages, through suitable transformers. Fig. Plate XI, shows 
the remote-control traction feeder and switch panels, 
the Service Plant Sub-station; Fig. Plate view 
one the pipe subways. 

The following list the variety currents used for 
different miscellaneous power purposes, and produced the Service 
Plant, except current for elevators, which taken from the traction 
circuits; these are from one source, transformed and converted 


c 


required 


A.C., High-tension service feeders. 


220 Signal lines yard eabins. 


650 D.C. feeders and office 
elevators. 


citers. 
Daggage-truck battery charging. 


The machines installed care for this general system, consist 
two turbo-generators. These supply, through step-up trans- 
formers, three-phase alternating current, volts and cycles, 
the service power switch-board. They operate non-condensing, the 
exhaust steam being passed through the heaters for the Station Build- 
ing heating. seasons when the exhaust cannot utilized for this 
purpose, the machines are shut down, the power supply being taken 
from generators the Long Island City Power-House, where condens- 
ing turbines more economical rating are available. 


full under the general power heading, and need only referred 
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4 


here consisting the complete sub-station, occupying the east half 
the Service Building. 

Offices and Store-Rooms.—Above the main floor the east half 
the building are located the following: 

(a) mezzanine floor overlooking the rotary-room, space 
980 sq. ft., for locker-room and toilets, and offices for the service plant 
foreman and assistants; 

(b) the third floor instruction-room and office, sq. ft. 
area, containing apparatus illustrate the construction and meth- 
ods operation the special devices the signal system, 
equipment the division, ete. These include working parts 
the devices question, with sectional models showing their internal 


construction. The systems illustrated are: 


Block and interlocking signals, 

train stop, 

Car and locomotive air brakes, 

control apparatus locomotives and 
Tunnel alarm and telephone boxes, 

Third-rail construction and switching apparatus, 
Apparatus for testing sight and hearing. 


(c) The fourth floor, area 6200 sq. ft., has been fitted for 
general store-room for supplies all kinds; 

(d) The fifth floor subdivided into offices for certain the 
division staff; the space for offices, excluding corridors, being 
sq. ft. 

The following concise statement the Service Plant machinery 
equipment, excluding the traction sub-station equipment listed else- 
where: 


Water-tube boilers, 525-h.p. each; ultimate capacity, ten boilers; 


Single-acting, high-speed, steam engines, h.p. each, driving 
fans, for draft 


Water storage tanks; capacity 60000 
Coal conveyor, two pairs, capacity 120 tons per hour.......... 
Coal-skip hoist engine............ 
Ash conveyor, tons per hour, motor-driven, 
Garbage destructor 
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Boiler feed-water heater; capacity, gal. per hour from 70° 


Boiler feed-pumps, duplex-tandem, compound, steam-driven.... 
Hot-well pumps, centrifugal, 
000-kw. 240-volt, 3-phase, 60-cycle Westinghouse-Parsons, 

steam-driven, direct-connected turbo-generators. (Space for 

ft. per min., Nordberg, cross-compound, Corliss, steam- 

driven, air compressors, 100 pressure, for signals and 

100-cu. ft., motor-driven, air compressors, 120 pressure, brake 

Elevator pump, 1500 gal. per min., 300 lb. pressure, steam- 

driven, for hydraulic baggage and passenger elevators..... 
Elevator pump, 500 gal. per min., 300 pressure, steam-driven, 

for hydraulic baggage and passenger elevators............ 
Compound, steam-driven pump, 1500 gal. per min., for baggage 

Steam-driven, Westinghouse, air-brake pumps, for elevator sys- 

tem and for air cushion, hydraulic elevater tanks.......... 
Duplex, steam-driven, Underwriters’ fire pumps, capacity, 

Motor-driven, automatic, centrifugal pumps, for circulating cold 

water and water for flushing 
Motor-driven, centrifugal pumps, for hot-water circulation 

Station indirect heating 
Heater for Station indirect heating 
Heater, 635 gal. per hour, for hot water Service Plant........ 
Refrigerating plant, 40-ton ammonia compressors, engine-driven. 
Motor-driven, centrifugal pumps for circulating drinking 

750-kw., single-phase, 60-cycle, trans- 

500-kw., single-phase, 60-cycle, trans- 

150-kw., 60-cycle, 200-volt, transformers for 

100-kw., 60-cycle, 000-220-volt, transformers for sig- 

80-kw., 110-220-volt, motor-generator sets, 


25-kw., 35-volt, motor-generator sets, for baggage-truck charging. 
55-cell storage battery, for emergency excitation....... 
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TUNNEL 

The extensive system more than miles single-track tunnels 
has been fully described, physical construction, others; the rail- 
road and the operating facilities, however, will referred briefly. 

Size size the tunnels was consideration 
great importance the subaqueous tubes, where determination 
the minimum practical operating diameter was essential order 
avoid large expenditure money unnecessarily. tunnel 
circular cross-section, the height from the invert the crown the 
arch the controlling dimension, accommodate the track structure 
and the This height, therefore, was considered carefully the 
Board Engineers and the Committee Operating Officers, having 
due regard probable deviation from true central axis the process 
driving. minimum was fixed for the depth the ballasted 
form track, and minimum clearance over the top the cars 
which provide for wrecking operations, and also for the possible use 
overhead conductor for traction, should this later 
considered practicable and desirable the time when the traction 
system was determined on, even later date, should developments 


the art require it. The adopted clearances are given the follow- 
ing table tunnel data: 


Total length single-track tunnels........ 15.54 miles 
Inside diameter tube tunnels............ 19.00 ft. 
Distance from top rail crown tube 

Minimum top clearance over car roof 


Distance from tunnel invert top rail... ft. 
Height top tunnel benches above rail.. ft. in. 
Width between ft. in. 
Width bench (River sections) ft. in. 
Drawings giving full particulars the tunnel dimensions are found 
other papers. The average clearance above the car roof the crown 
the tunnel arch in., and was intended, the event the 
use overhead conductor, give minimum clearance in. 
from the crown the conductor and in. from the conductor the 
roof. order obtain maximum space for the insulators carry- 
ing the conductor, was decided construct pockets the concrete 
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the tunnel roof, these being in., in. deep, and ft. from 
center center. 

Interior Arrangement.—The circular cross-section the tunnel 
provided excess clearance the horizontal diameter, which Presi- 
dent Cassatt suggested might utilized contain high side-benches 
form vertical walls for the protection trains case 

CROSS-SECTION RIVER TUNNEL 


| Signal Alr Pipe 
‘and Hand-Rail 


Signal 
Transformer BP } 


Sump 


derailment, and also for walkways for passengers case acci- 
dent, and for employees. (See Fig. 9.) They also provide convenient 
and safe means for housing the electric cables. These benches were 
made with the top ft. in. above the rail, about in. above the 
floor, and give normally in. clearance from the sides the 
Fig. Plate view the interior the tunnel, show- 


ing the signal equipment and other facilities. 
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The walkways the river tubes are ft. in. wide, but certain 
portions the land section their width only ft. in., required 
the width the streets traversed. installing signals, piping, and 
other apparatus the tunnels, only one bench (that the right hand 
side) has been obstructed, and this only partly; the other bench has 
been left entirely clear. Both benches have been provided with hand- 
rails, and the tunnel lights are placed above them convenient 
location for inspection and renewal. 

will noted, from other papers treating the tunnel con- 
struction, that refuge niches and ladders for trackmen are provided 
the benches intervals ft. will also noted that 
the tunnels are provided with cross-passages between pairs the land 
sections. These passages are closed doors, that the tubes 
throughout are distinct, and ventilation positive. 

drainage described under the general heading, 
“Drainage System.” 

tunnels are lighted continuously source 
power which entirely independent the traction system. Each tunnel, 
moreover, has two circuits which are independent each other and are 
fed from separate transformers and switching panels. The primary 
source the lighting current the 60-cycle generators used for the 
general auxiliary power system, and located the Long Island power- 
house and also the 31st Street Service Plant. 

The lighting circuits are run pipe conduits the tunnel walls 
above the benches, and one side the tunnel serve hand-rail. 
The lamps are the Tungsten type, 25-watt rating, 20-c.p., and 
operate volts, being connected series 252-volt circuit. 
They are ft. apart, each side the tunnel, and staggered 
give lamp for each ft. the tunnel length. The lamps are 
ft. above the tunnel side-benches, and have enameled steel reflectors 
throw the light the direction the movement trains. Arrange- 
ments are made various points the lighting circuits for the at- 
tachment portable extension connections for lamps used 
repair work various apparatus the tunnels. The control the 
current from switch-boards the auxiliary power sub-stations 
the shafts. 

ventilation for the tunnels was consid- 
ered great importance, was desired that, not only should 
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the tunnels safe under all emergency conditions, but that there 
should time noticeable discomfort passengers. Two gen- 
eral conditions were provided for: first, purity the air 
normal operation; and, second, requisite ventilation for indefinite 
period case stoppage trains the tunnel from accident 
other cause. was thought, and afterward verified trial, that the 
piston action the trains when motion would effective means 
changing the air, each tube contains only one track, and 
isolated from the adjoining tube and open each end the free air. 
Where piston action has proved insufficient, the case the deep 
tubes London, would seem because the lack sufficient 
free opening the atmosphere, especially the ends, and because 
the by-passing the air from one tube another stations. 
special ventilating system, therefore, needed only provide air 
stalled train emergency, dissipate smoke and fumes from 
electric are, the possibility which conditions was thought 
sufficient importance warrant the installation very complete 
forced-draft ventilating plant. obtain the benefit his experience 
tunnel ventilation, the Company engaged Charles Churchill, 
Am. E., expert consult with the writer devising 
proper system for the miles tunnels comprised the terminal 
railway. was determined that the air the cars should not 
allowed contain more than parts carbon dioxide per re- 
quiring cu. ft. fresh air per min. each passenger. insure 
this quantity fresh air the was thought advisable 
furnish more, namely, cu. ft. per passenger per min. the tunnels, 
and the fan equipment was designed meet this requirement, having 
due regard emergency conditions and the occasional irregular spacing 
trains. The quantity air required per section tunnel this 
basis about 60000 cu. ft. per min., which will completely change 
the contents the tubes three times per hour. 

Plans for producing the requisite ventilation exhaust, pres- 
sure, combination both were considered. The system found 
best adapted the local conditions was patterned after the one de- 
vised Mr. Churchill, and used the Norfolk and Western Railway 
and elsewhere. forced-draft system which constant and 
uniform current air induced the tunnel forcing, the 
direction the traffic, the required volume air into the portal. 
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divided nozzle, the form tapering flue, placed each bench- 
wall for this purpose. This method requires obstructing flues 
the tunnels themselves, the nozzles being the portals only, con- 
sideration great importance keeping the side-benches free for 
walkways. The arrangement tunnels and shaft openings required 
all fourteen sets ventilating apparatus different points, 
shown the lower part Plate LXXXIII. list the locations 
with fan obtained test under maximum conditions 
given Table 


TABLE 4.—TUNNEL VENTILATION. 


East River—Long Island 
Shafts. In building located || 13 B W | 54 8 900 65 000 8600 | 24.3 
| 


will noted from Table that, two cases, exhausting instead 
pressure blowers are used; these are for the purpose causing 
return current air the west ends the cross-town tunnels; 
where they merge into three-track tunnels approaching the passenger 
station, the object being prevent blowing air from the tunnels 
under and into the Station Building. 

The blowers are the multi-vane, “Sirocco” type, belt-driven from 
induction-type electric motors; and the speed the fan can ad- 
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justed, cone pulleys, from normal, given Table 70% 
40% normal, required. 

The air ducts from the fans (see Fig. 10) vary form and 
arrangement suit local conditions, but are generally rectangular 
section. They were designed carefully, with bends large radius 
minimize friction, and proportioned eliminate all sudden 
changes velocity between the fan and the nozzle. 

From tests made the tunnels, with and without the fans run- 
ning, apparent that, under normal conditions, the piston action 
the trains can relied give satisfactory ventilation. Records 
show that the East River Tunnels the air changed every min. 
the passage trains during non-rush hours, and every min. 
during rush hours. 

The average velocity the air the East River Tunnels due 
the action the fans alone about miles per hour. This in- 
the passage trains more than miles per hour, the 
latter figure, course, depending the number cars the train, 
and the speed. 

evident, therefore, that regular operation, the fans need 
not run, and provision has been made start and stop them, 
required, from two central points, the power-house for the East River 
Tunnels, and the Service Plant for the North River Tunnels. 

Tunnel-Alarm tunnels are equipped with special 
safety device which has two functions, one cut off the current 
given section the third-rail, and the other send fire-alarm eall. 
The system consists series alarm boxes, set about 800 ft. apart. 
Each box numbered, and contains two levers, colored blue and red, 
respectively. The blue lever marked and when pulled 
trips the controlling the third-rail section adjacent 
the box, thus off the power and the same time sending 
two rounds the alarm box number the connected indi- 
The red lever marked and when pulled performs the 
same function the power lever, but sends two additional rounds 
the box number. 

The box mechanism operated clockwork, set motion the 
winding spring when the lever pulled; the clockwork actuates 
electric contacts the circuits, controls auxiliary tripper the 
section circuit-breaker, and spells the box number the station 
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Each box provided with interference magnet which 
prevents sending alarm from another box one box the 
circuit operation. Current for actuating the alarm circuits 
obtained from storage batteries the various sub-stations. 


TABLE 


No. 
Total No.| Local 
tunnel. circuit. 
No. 3, East’ | 13 


The indicators, recording the character the alarm and the loca- 
tion the box sending it, are the offices the Train Director, the 
Train Despatcher, and the Power Director, and the power sub- 
station controlling the traction current for the section question; 
the indication also repeated the interlocking-switch cabin con- 
trolling train movements the section. partial short 
circuit car the third-rail, which may maintain are, 
case desired work around defective apparatus under standing 
train, the current may cut off from the third-rail the section 
pulling the lever. case serious fire other emer- 
the “Fire” lever may pulled, and then the Railroad Fire 
Department the Station and the emergency crews will respond. 
either case the person pulling the lever instructed get into direct 
with the Train Director telephone from near-by 
telephone box, and explain the trouble that order governing 
subsequent procedure responding the alarm resetting the 
may given. 

There are sixteen local alarm circuits, corresponding 


the section-controlling breakers, and there are three general 
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alarm circuits, connected switch-boards the power-house Long 
Island City, the Service Plant 31st Street, and the traction sub- 
station the Hackensack Portals the tunnels. 


TRACK. 


The portion the Terminal railway track construction assigned 
this Department consisted that the tunnels, and the Station 
and Sunnyside yards. The standards adopted are general those 
the Pennsylvania Railroad, with certain modifications detail dictated 
the Maintenance Way Department for the better adaptation 
the track the peculiar local conditions. 

Tunnel was desired adapt the track high-speed 
running, with minimum vibration the track tunnel structure, 
and reduce noise far practicable; also permit ease 
renewal, without disturbance the tunnel concrete lining. For these 
reasons, was decided adopt ballasted track, rather than any special 
form built into the tunnel structure, although, mentioned later, 
short section track having base was put the land 
section two the tubes, for experimental purposes. 

The rail 100 lb. per yd., and the new “Pennsylvania” section, 
and open-hearth steel, the Road’s specifications. The joint angle- 
bars are the six-hole type, with extended flange below the rail 
base, and have 1-in. bolts. The base has also special cross-section 
providing space for copper bonds between rail and splice. 

The ties are black gum and yellow pine, creosoted, the minimum 
dimensions being in. face, in. thick, and ties the rail length 
ft. All track tie-plated with special rolled-steel plates 
in. and in. thick. These plates have shoulders inside and out, 
and are secured the ties four 3-in. Under each plate 
placed pad compressed hair-felt, thick, the tie being dapped 
out receive the pad. The rail secured the tie through the plate 
two 1-in. lag-screws, each bearing the rail flange and shoulder 
the plate. 

The ballast trap rock, through mesh, and laid 
for depth in. under the ties. This ballast was crushed the 


Company’s property, using the rock taken from the Bergen Hill Tun- 
nels, 


t 
ug 
£ 
‘ 
fuf 
‘ 
ag 
‘og : 
{ 
| 
| 


PENN. TUNNELS: STATION, TRACK, YARDS, 


Station Yard Track.—Two types track construction were adopted 
for the yard (see Fig. 2); one, the standard ballasted, and the other 
special form concrete bedding for the short tie-blocks which carry 
the rails. track used through the switches and the 
storage yard, and the concreted-base track adjacent the platforms. 
The ballasted track the same standards used the tunnels, 
except that the ballast rock, and the ties are not creosoted. 

Concrete-Base the track under the Station Building 
and adjacent the passenger platforms, was desired provide 
form construction which would present smooth surface, and could 
readily kept clean. This was especially desirable where cars stand 
and drip oil and water the track structure, and places where 
rubbish may thrown the tracks passengers. devise the 
proper form track for this purpose, special committee was formed 
Operating Officials the Pennsylvania Railroad. This committee 
recommended special form track laid wooden blocks embedded 
concrete base. This form construction shown the lower 
part Plate and Fig. Plate LXXXIV. single track 
length 14600 ft. this type was laid adjacent the platforms, 
except switches and cross-overs, where standard ballasted track was 
used. general, the concrete surface was laid the rock the 
sub-grade, but places where the sub-grade consisted loose rock 
crossed drains and subways, was necessary secure 
uniformity for the concrete base specially ramming the filling and 
using rod reinforcement bridging the conerete. The concrete 
used 1:2:4 mixture Portland cement, sand, and washed Cow 
Bay gravel. 

The track was first laid complete with its fastenings the tie- 
blocks, and then raised and leveled with great care the proper grade 
and alignment hanging the structure from timber bridging carried 
the station platforms shown Fig. Plate LXXXIV; the 

concrete mixture was then poured, tamped, and allowed set; then 
the bridging was removed. The cost this track complete, under the 
special conditions obtaining this place, was $6.27 per lin. ft. for 
the base, and $2.67 per lin. ft. for the tie-blocks and fastenings, making 
total cost $8.94 per lin. ft. 

the Station area, course, this track slow-speed 


running only. order test its application high-speed running, 
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two short sections, each 720 ft., were laid two the East River 
Tunnels (No. and No. 2), immediately east the Long Island shafts. 
this case the concrete base for the track was laid directly the con- 
crete invert the tunnel lining, and the general methods construc- 
tion were the same described for similar track the Station yard. 

Sunnyside Yard main running tracks are laid with 
rails, oak ties; the yard tracks are 85-lb. rails, un- 
treated yellow pine ties. All rail placed tie-plates, without the 
hair-felt pad beneath, and the rail and plates are secured the ties 
standard §-in. spikes. 

Third-Rail fifth tie the track used one end 
seat for the third-rail insulator and for the bracket support its 
covering; therefore, they were longer than the standard ties, ft. 

Frogs and frogs and switches are according the 
Pennsylvania Railroad standards; generally No. frogs are used and 
18-ft. point switches, housed the stock rail; few cases clearance 
has required the use No. turn-out. the Station yard all frogs 
and crossings have hardened manganese steel points. The general 


quantities relating track are follows: 


Total length track laid, including 
Meadows Division and Manhattan 


Number 357 


Number crossings............. 


Sixty-four separate buildings were required for the Terminal Rail- 
road. They are listed Table location and purpose. The 
details design and construction these various buildings differ 
greatly, and cannot described with any fullness this paper; cer- 
tain features, however, may referred to. 

Station Yard Station yard buildings are small, and 
are convenient points the yard provide offices, store-rooms, locker- 
and toilet-rooms, for the use employees duty the track level. 
All are fire-proof construction, and uniform architectural design; 


with the exception Nos. and (which are hollow tile covered 
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TABLE 


Description. 


Location. Type construction. 


Size, 
feet. 


Station 


Post 

Office. One story.. 

Trackmen’s Building. One story. 

Signal Cabin One story and basement. 
Track, Signal, and Third-rail Tool-house. 
Service Power- -plant. 
Pennsylvania Station... 

34th Street. Exit Stairway, Head-house. 
Assistant Station Master’s Office. One story 
Assistant Yard Master’s Office. Onestory 
Signal Cabin One story and basement 
Signal Cabin One story and basement 


East River SECTION 


One story. 
Contains Sub-station No. 


.... Seventh Avenue and 32d 


Avenue and 33d Street.... Tile and stucco... 

Eighth Avenue and 33d Reinforced 

Street between Seventh and Avenues Expanded metal and stucco.. 
Street between Seventh and Eighth Avenues Granite.... 

Seventh Eighth Avenues, Streets.. Granite.......... 

33d Street between Seventh and Avenues 

Seventh Avenue and 33d Street................... Tile and stucco. 

Avenue and 32d Street... Reinforced concrete 


Seventh Avenue and 33d Reinforced concrete 
Reinforced concrete 


335 375 
161 

430 by 784 
10 by 36 


Shaft-house, Tunnels Auxiliary Sub-Station 


Shaft-house, Tunnels and 
Shaft-House, Tunnels and 
Shaft-house, Tunnels and 


Traction Power-house. 
Trackmen’s Tool-house. 


Sub- 


Auxiliary Sub-station| 


First Avenue, Manhattan 


Avenue, Manhattan 
Front Street, Long Island City 
Street, Long Island City 
Street, Long Island City 
Portals and Long Island City.. 


Telephone Terminal House 
Signal Cabin Twostories and basement 


Trackmen’s Tool-house. One story 
Signal Cabin Office. 


Sand-house, One story 


Two stories.|East Queensboro Bridge Approach. 


Frame 


Thompson Avenue.. 


160 ft. east Queensboro Bridge Approach.. 


Signal 


TABLE 6.—TERMINAL RAILROAD BUILDINGS; LISTED CONSECUTIVELY FROM THE WEST. 
| | eet 
Signal Cabin (Switch Station No. 4-B, 
Am. E., Transactions, Vol. 
LXVIII, 
| 
Switch Station No. 4-A ... Hackensack River Bridge........... iron 
River Section. 
Car Inspectors’ and Cleaners’ Building. Two stories.|Ninth Avenue and 33d concrete........... 
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Signal Cabin Two stories and basement....... 200 ft. west Harold 
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with cement plaster), they are reinforced concrete without exterior 
ornamentation. The doors and windows are set depressed panels, 
and parapet accented raised band courses finishes the roof. 
will noted from Table that nearly all buildings have toilet facilities, 
which, fact, was essential feature determining their location, 
sewer connections had made through ejectors located fixed 
points the subway system under the tracks. 

Signal are four signal cabins the Station yard, 
and all are special design meet special physical and operating 
conditions. Three the cabins are under the buildings and street 
viaducts. They are restricted dimensions because the close clear- 
ances, and irregular shapes order obtain the maximum room 
inside and the least obstruction the operator’s view the tracks. 
Cabin “A,” Plate the main interlocking station the 
Terminal, controlling all the movements and from the west and the 
main-ladder switching movements. order obtain central loca- 
tion and unrestricted view, the building was placed bridge over 
the throat the ladder tracks about midway between the Post Office 
Building and Ninth Avenue. This gives the cabin prominent posi- 
tion the open yard, and was thought justify the design 
somewhat pretentious structure. The building the monolithic 
concrete type, and perhaps might termed reinforced concrete 
building, although, because its spanning the tracks, and the fact that 
serves support for the overhead third-rail and signal structures, 
considerable quantity structural steel buried its walls; thus 
not purely reinforced concrete structure. The architecture 
the Mission type, with wide overhanging eaves and low ridged roof, 
covered with red Spanish tile. Owing its location over and adjoin- 
ing the switchwork the tracks, special care was taken protect the 
supporting walls case train derailment. the east the station 
platforms perform this function, and the.west were placed very 
massive wedge-shaped fenders composed 80-lb. T-rails embedded 
and carried below and under the track system. The entire 
floor space the cabin occupied the operating-room, containing 
the interlocking machine the floor and the relays and wiring 
gallery above; the gallery girders also act anchor arms for the 
cantilever structures attached the cabin and used for supporting the 
overhead rail and signals. 
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All signal wiring carried false floor above the concrete floor 
the cabin and ducts through the side-walls and into basement 
extending under the entire cabin below the tracks, where switch-boards, 
storage batteries, and other apparatus are located. From this basement 
the wire conduits are carried special subway (referred else- 
where) which communicates with the subways under the yard. Fig. 
Plate XVI, view the interior this cabin. 

The remaining three cabins, “B,” and “D” are under other 
structures; they are two stories, main operating floor and base- 
ment track-level story. The buildings are the usual reinforced 
concrete construction. Fig. Plate XVI, view the car 
cleaners’ building east Ninth Avenue. 

Manhattan Transfer—Only signal cabins “N” and “S” were con- 
structed the writer’s Department; the transfer station was designed 
and built Mr. Shand part the general yard facilities. The 
signal cabins are the usual standard design the Pennsylvania 
Railroad Company. 

Meadows from the power sub-station buildings, 
these comprise small structures for electric power switching, tool- 
houses, and interlocking cabin the Hackensack draw-bridge. 
These latter have steel frames carried brackets the bridge ap- 
proach, and are covered with paneled galvanized iron and lined with 
asbestos board. 

Sunnyside buildings the Sunnyside yard (Plate 
are numerous and important, seen from Table 
and are quite plain and fire-proof construction. They adjoin the 
service yard, and are devoted the various motive-power require- 
ments. The outside and party walls are hard-burned red brick, ex- 
cept the cases the engine-house and the wheeling shed, which are 
steel frame covered with expanded metal and concrete plaster. The 
floors are generally concrete and the roofs steel covered with 
book-tile, roofing-felt, and gravel. The buildings are provided with 
steam heating, hot and cold water, toilet facilities, fire protection, elec- 
trie lights and telephones. The interiors, with few exceptions, are fitted 
with metal shelving, bins, and lockers. 

The engine-house and machine-shop are especially designed for 
ample light. The engine-house has two inspection pits, with cross- 
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pit fitted with compressed-air jacks for removing wheels. The ma- 
chine-shop contains motor-driven machine tools for light repairs. 

The four signal cabins are brick, and standard Pennsylvania 
Railroad Company type, except Cabin “Q,” which special and has 
extension containing tool-rooms, yardmaster’s offices, ete. 

Power Sub-stations.—Sub-stations Nos. and are the Long 
Island City Power-House and the 31st Street Service Plant, re- 
spectively; Nos. and are the Meadows Division, No. adjoining 
the Hackensack Portal and No. the east end the Manhattan 
Transfer yard. These latter buildings are similar design and con- 
struction, and entirely fire-proof. Their exteriors are dark red 
mottled brick, laid with irregular bond, and surmounted parapet 
walls; the roofs are concrete, and flat; the interior each case (see 
Plate consists main operating-room with small par- 
titioned rooms for control storage batteries, toilets, and lockers. The 
main room contains gallery one side for lightning arresters and 
remote-control circuit-breaker apparatus. 

Blower-Houses.—Special buildings were required certain loca- 
tions for housing the tunnel-ventilation apparatus. the Hacken- 
sack Portal granite building was constructed for the purpose the 
Chief Engineer the North River Division. the First Avenue 
Tunnel shafts two buildings were provided; one founded the 
shaft caissons, which are concrete-lined steel shells, and project slightly 
above the ground surface, and the other adjoins the second pair 
These buildings are two stories high, approximately square, 
dark red brick with irregular bond, and with floors and 
roofs; they are thoroughly fire-proof. The interiors contain fans 
belted induction-type electric motors; the ducts from the fans 
the shafts are large concrete funnels with reinforce- 
ment, carefully designed for leading the air the shafts with mini- 
mum friction. The buildings also contain switching apparatus for the 
fan motors, for operating the sump pumps, and for controlling the 
tunnel lighting. the Long Island City shafts, two buildings are 
provided for the same general purposes. These are shaped like the 
letter (see Fig. 10), and are placed over the caissons and between 
the shaft openings. 


From each pair tunnels three stairways rise the surface and 
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terminate small reinforced concrete kiosks; the shaft openings, for 
lowering machinery, are enclosed circular concrete fences, hav- 
ing steel doors. Around each blower-house shaft opening reinforced 
concrete wall ft. in. high has been built, enclosing permanently 
plot ground which has been necessary reserve. 


SUNNYSIDE YARD. 


This extensive yard the east end the Terminal Railroad, 
Long Island City. Its purpose furnish facilities for the 
storage and care passenger train equipment using the New York 
Station. Practically all long-distance trains arriving the Pennsyl- 
vania Station, when unloaded, are taken Sunnyside Yard for turn- 
ing, cleaning, and making for the return trip. present the 
Long Island Railroad does not make use the Sunnyside Yard facili- 
ties, the turning trains being done the main station yard. The 
track plan, Plate CV, was devised Mr. Barker, Resident 
Engineer. While the yard stub-end one, regards its location 
the end the Division, yet double-end regards train move- 
ments; this accomplished providing two loop tracks from the 
tunnels around the yard its further end. Trains arriving from 
the New York Terminal, therefore, may enter the yard the reverse 
direction and ready return the Station the same head-end 
order, generally required, thus minimizing the shifting and turn- 
ing special cars table. Furthermore, conflicting movements 
the throat the yard are avoided. important note that 
the tunnel tracks from the New York Station are operated two 
double-track lines, one (the 33d Street Tunnels) normally for Long 
Island Railroad trains, and the other (the 32d Street Tunnels) for 
movements and from Sunnyside Yard. The Long Island Railroad 
trains, from the tunnels and from Long Island City, pass through the 
yard higher level than the yard tracks, and without grade cross- 
ings any kind. order, however, give access the yard from 
all tunnels and the minimum distance, was necessary cross 
the west-bound 32d Street over the east-bound 33d Street Tunnel near 
the portals. Thus the yard may entered either end the two 
east-bound tracks without grade crossings. short distance east 
the yard there jump-over connection and junction with the pro- 
posed New York Connecting Railway, double-track line connect 
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with the New York, New Haven and Hartford Railroad bridge 
over Hell Gate. The main freight connections the Long Island 
Railroad Long Island City pass around the yard the north, and 
the yard approach overhead bridges near the tunnel portals. 

The main, south, yard has ultimate capacity for 861 cars, 
and the supplemental, north, yard has capacity 526 cars; the 
present capacity, number tracks, are shown the summary 
statistics page 732. The service buildings are between the north 
and south yards, shown Plate Fig. Plate 
LXX XIX, view the south yard looking eastward from Honey- 
well Street Viaduct; and Fig. Plate LXXXIX, view the 
Sunnyside Yard buildings looking southeastward from the north yard. 

The south yard, which used for cleaning and making trains, 
provided with platforms between tracks for trucking purposes, and 
complete piping system for air, water, and steam, well con- 
duits and wiring for charging train-lighting batteries, all having con- 
nections for each car each track. All tracks both north and 
south yards are equipped with third-rail, that electric motive power 
available throughout for shifting trains. Fig. Plate XC, view 
the main tracks the Long Island Railroad looking eastward from 
Thompson Avenue Viaduct, and showing the entrance the yard. 
Fig. Plate XC, view Sunnyside Yard looking eastward from 
the tracks the west end the south yard. 

Piping.—The piping and wiring systems are installed perma- 
nent and conveniently accessible manner. Thus, from 
house and auxiliary power sub-station cross pipe-tunnel 603 ft. long 
has been run right angles the main yard tracks, with openings 
the inter-track spaces (see Fig. 11). Branching from this tunnel 
are concrete trenches, one between each alternate track, running the 
entire length the tracks. the walls the tunnel and trenches 
are installed conduits for the battery-charging wires, the system being 
centrally operated from the sub-station; the tunnels and trenches also 
contain pipes for air, water, and steam. The trenches provide drainage 
for and connect the yard sewer system suitable 
points. 

Water complete local water supply derived from 
wells sunk within the yard area, furnishing ‘sufficient water for all 
the requirements the yard, 1000000 gal. per day, and, 
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addition, the requirements the Long Island City power-house, the 
total being about 000 000 gal. per day. There are two wells, each about 
ft. deep. They are operated direct suction through pipes the 
pumps the basement the boiler-house. The pumps supply the 
yard service piping system direct and, main line through the 
yard, 250000-gal. storage tank Borden Avenue, near the 
portals, and thence the Long Island City power-house. 

Yard Lighting.—The general illumination the yard effected 
forty-one flaming-are lamps the long-burning type. 
These are mounted steel poles from 200 350 ft. apart, having 
special reference important local points. Direct current 110 
volts supplied the lamps from the battery-charging motor-gen- 
erator sets the auxiliary sub-station. The interior the auxiliary 
power sub-station shown Fig. Plate XCI, and Fig. Plate 
XCI, shows the switch-board. 

Yard Buildings—The yard buildings have the following func- 
tions: 


(a) sand-house, equipped with sand-drying stoves, storage, and 


pneumatie elevating machinery for sanding locomotives. 


Equipment: 
Concrete bins for the storage 2000 cu. ft. wet sand and 
550 cu. ft. coal. 
Two Pennsylvania Railroad standard sand dryers. 
Two dry sand tanks, ft. each, 
Sand and air piping complete, and connections, with 
Two gravity locomotive sanding tanks, cu. ft. each. 


(b) shed, equipped with benches and air cleaners for 
carpets. 


Equipment: 

Twelve carpet racks, each ft. and ft. high, fitted 

with compressed air and vacuum nozzles for cleaning 


(c) commissary building containing separate provisions for the 
Railroad and the Pullman Company, for the storage supplies for 
dining and sleeping cars, including motor-driven refrigerating plant 
with cold boxes for perishable supplies. Also bunk-room for 
man employees. 


— Car Battery Charging Qutiets 
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Ten refrigerator boxes, ranging capacity from 1824 
cu. ft., each equipped with direct-expansion ammonia coils 
for keeping meat, fish, poultry, fruit, ice cream, cheese, 
milk, butter, ete. 

Two motor-driven refrigerating machines, tons each. 

One direct-connected elevator. 

One dumb-waiter. 

Two 250-gal. water filters, each with two copper reservoirs for 
storing filtered water. 

One two-oven range with heater, steam table, and kitchen 
equipment complete. 

Three separate toilet-rooms, with hot and cold water and 
fixtures. 

Four hose connections for fire, and ft. 24-in. hose, with 
nozzles. 

General commissary storage-rooms, wine-room, kitchen, silver- 
room, record storage room. 

Clean- and soiled-linen room, linen-repair room. 

Superintendent’s and clerks’ offices, kitchen and porters’ room. 

Conductors’ room, waiters’ and cooks’ room. 

All rooms furnished with metal shelving and lockers. 

Freight, team, and distributing platforms each side 
building. 


Equipment Pullman Section: 


One general refrigerator box, about 500 ft., with direct- 
expansion ammonia coils, and congealing tanks. 

One motor-driven refrigerating machine, ton capacity. 

One direct-connected electric elevator. 

Three separate toilet-rooms, with hot and cold water and 
fixtures. 

Four hose connections for fire, and ft. 24-in. hose with 
nozzles. 

General storage-rooms, soiled- and clean-linen rooms. 

Linen-repair room, with air and electric sewing machines. 

Carpet- and carpet-repair-rooms. 

Commissary-rooms, plumbers’, carpenters’, and testing-rooms. 

Superintendent’s, storekeeper’s and foreman’s rooms. 

Porters’ and cleaners’ quarters and sleeping-rooms. 


(d) general store-house for the Railroad Company’s stores (ex- 


cept oil), required for repairs the yard and also lavatories 
and closets for employees. 
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Fic. 1.—SUNNYSIDE YARD: VIEW OF S 
8 


OUTH YARD, LOOKING EASTWARD 
FROM HONEYWELL STREET 


} VIADUCT. 


Fig. 2.—SUNNYSIDE YARD BUILDINGS: LOOKING SOUTHEASTWARD FROM 
NORTH YARD. 
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Equipment: 

One direct-connected electric elevator. 

store-room scales. 

One stationary triple-valve test set, with four portable test sets 
complete. 

Three separate toilet-rooms with hot and cold water and fix- 
tures. 

Foreman’s, storekeeper’s and clerks’ offices. 

General store-rooms, 

Air brake and pipe fitters’, tin and carpenter shops. 

Car cleaners’ quarters and locker-rooms for both men and 
women. 

All rooms furnished with metal shelving and lockers. 

Three hose connections for fire, with ft. 24-in. hose and 
nozzles. 

Freight, team, and distributing platforms each side building. 


(e) battery-repair house for car-lighting batteries, with separate 
room for charging batteries and for spare batteries; also distilling 


apparatus supply pure water for refilling batteries. 


Equipment: 

Three switch-board panels, for battery charging. 

One 174-gai. per hour water still and reservoir. 

One battery plate press and battery tools. 

One motor-driven emery grinder and buffer. 

One motor-driven sensitive drill press. 

Two 1-ton chain falls and trolleys. 

Two lead-covered battery cleaning benches with hot and cold 
water. 

Battery assembling and charging benches. 

Acid mixing and storage tanks, lead-lined. 

Train lighting and repair-room, with beuches and tools. 

Lamp-frosting room, and general store-room. 

Oxygen and hydrogen tanks. 


(f) boiler-house and auxiliary power sub-station (shown the 
upper part Plate containing boilers with feed pumps, 
water heaters, for supplying steam for all purposes the yard; 
also pumps for water supply system and for fire service, air compressors 
for the air supply the yard and the signal system, and the auxili- 
ary sub-station apparatus, described under the heading “Auxiliary 


Sub-station.” Fig. cross-section the boiler-house. 
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One 10-ton hand-power crane. 

Two 500-cu. ft., two-stage, steam-driven, air compressors, with 
inter-coolers, reservoirs, traps, water-cooled after-cooler, 
and atmospheric after-cooler. 

Office, toilet, and locker-rooms, and battery-room. 

Three 250-kw., 110-220-volt, 3-wire, motor-generator sets for 
battery charging, building lighting, and power. 

Nine 125-kw., air-blast transformers. 

Two ft. blowers for cooling transformers. 

Thirty-four switch-board panels; ultimately. 

car battery charging rheostats; ultimately. 


Equipment Boiler-House Section: 


Three 500-h.p. water-tube boilers, with chain-grate stokers. 

One 20-ton, motor-driven, coal and ash-handling conveyor. 

Four coal bunkers, tons each. 

One 20-ton motor-driven, coal crusher. 

One steel, brick-lined, smoke-stack, 200 ft. high, ft. 
diameter top. 

Steel smoke flues, lined with reinforced magnesia and retort 
cement. 

One boiler feed-water heater. 

Two 150-gal., duplex, boiler feed pumps. 

Soda ash system for treating boiler water. 

Three 500-gal., compound, duplex-service water and fire pumps. 

One steam engine, and one 10-h.p. motor for driving 
stoker. 

One steam whistle, for fire protection. 

One 40-gal. Chemical engine. 

One hose eart, and 1000 ft. 24-in. hose. 


oil-house, containing tanks for storage the various kinds 
oil needed for lubrication cars and machinery, with measuring, 


cleaning, and pumping apparatus. 
Equipment: 


Complete metal equipment for waste, paints, and lamps. 
Ten long-distance, self-measuring pumps. 

Eleven short-stroke oil pumps. 

Twenty-one oil-storage tanks. 

One oil filter. 

Two sponging tanks. 

Complete oil-handling system. 
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Capacity 
Total 


40 
Bir 
120 


oal 
Ton 


Tay 3-500 Gals 
Water Pumps 


Fig. 


Pit 


CROSS-SECTION 


SUNNYSIDE YARD 


BOILER-HOUSE. 


Ash Shutes / SSK 
| 
$e 
nes 


(h) engine-house, with machine-shop, for housing electric 
locomotives during inspection. equipped with electric traveling 


crane, pit jacks for dropping driving wheels, and machine tools for 
light repairs. Heavy locomotive repairs and general overhauling are 
done the Meadows Shops the Company. 


Equipment: 
Offices, lockers and toilet-rooms with fixtures. 
Two inspection pits. 
One wheel pit, with pneumatic wheel jack and two air reser- 
voirs. 

One 25-ton, three-motor, electric, traveling crane. 
Three lathes, one shaper, one boring machine, one framer, one 

rod and box press, one radial drill, one 2-spindle drill 
press, one hack-saw, one grindstone, two emery 
grinders, one 2-ton crane and trolley, and all small tools. 


wheel shed, provided with pits and air lifts for changing 
wheels coaches, with wheel-storage 


yard adjoining, equipped with 
electric hoist. 


Equipment: 

Two wheel pits, with two pneumatic wheel jacks and two air 

tanks. 

Two inspection pits. 

One 2-ton, electric hoist, trucks and track facilities, for hand- 
ling wheels. 


Yard following additional relate the 


physical characteristics, operating quantities, Sunnyside Yard: 
| 


Area covered (3d Street 192 acres. 


Present length yard tracks (excluding main 


y 


Ultimate length yard trac main 


Present. Ultimate. 


trance yard, via loop tracks............. miles. 
Distance from west exit yard Pennsylvania 


3.3 
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Present. Ultimate. 
Number cars cared for daily yard, for 1911 
ultimate daily capacity yards, 


Standing room for cars 503 387 
Number street viaducts over yard............. 

Total length street viaducts.................. 4606 ft. 
Number yard buildings.............. 


Total length between-track platforms......... ft. 
umbrella sheds over platforms... 2798 
Number outlets track for supplying cars with 
steam, water, air and electric battery charging. 800 


GENERAL FACILITIES. 


The following operating facilities apply the Division whole, 
and may best referred under general heading. 
Drainage. 


The disposal the leakage and storm-water from the 
Station yard and the extensive system tunnels presented im- 


portant problem. The conditions met are: 


(a) The disposal storm-water the open portion the yard, 
and the tunnel portals; 

(b) Provision against possible breakage water mains sewers, 
which might cause flooding the tunnels and yards; 

(c) The disposal seepage from beneath the yard retaining walls, 
and leakage through the land and river tunnel linings, and drainage 
into the portions the land tunnels which were built without iron 
lining, through pipes inserted for that purpose. 

estimating storm-water, rainfall which would produce run-off 
in. per hour was taken the maximum. the yard the estimate 
seepage was based experience under similar conditions; the 
case the tunnels, actual figures were obtained after the completion 
the tunnel system. The likelihood breakage water mains 
sewers the streets around the yard and the tunnel portals was 
weighed, having regard local conditions, and was con- 
cluded that, given reasonable capacity the various sumps and 
pumps, which are necesary care for the disposal seepage and 
storm-water the different sections the tunnels, there would 


reserve care for any probable emergency conditions result- 
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ing from pipe breakages prior the time when the water could 
turned off. Compared with the possible quantity storm-water, 
has been found that the seepage cared for quite small. The 
average seepage for each the different sections, the present time, 


given Table these averages, however, may vary somewhat. 


TABLE AND SEEPAGE. 


Total gallons Gallons per foot 
per miuute. tunnel per hours. 
East RIVER SECTION: 
Long Island City Shaft, Tunnels 1 an: 2.... 23 4.2 
tiver Tunnels, Lines and 0.93 0.17 
SECTION 
First Avenue Shaft, Lines land 2............. 52 6.7 
STATION YARD AREA: 


Tenth Avenue Sump 


Norta RIVER SECTION : 


this paper the East River funnels are designated numbers, instead 
the letters used other papers; thus, now established, Tunnel becomes 
becomes ** **B”’ becomes * 3,” and A’ becomes ** 4.” 


Pumping.—Seventeen pump sumps are provided for the system, 
from Hackensack Portal Sunnyside Yard; their capacities and 
the interior the Ninth Avenue sump, showing the vertical-shaft 
motors for the pumps. pumps, except those the lowest point 
each the six subaqueous tunnels, are the submerged centrifugal 
type, primed all times (see Fig. 13); they are set horizontally, and 
driven vertical shafts from electric motors located rooms above the 
sumps. The motors operate three-phase, alternating, 60-cycle current 
440 volts, supplied, through transformers from the cir- 
cuits for lighting and auxiliary power, from the Service Plant. Each 
motor controlled separate float-switch which starts and stops the 
pumps certain pre-determined levels water the sump. Under 
normal conditions, only one sump pump operates, but the float-switch 
the second pump set that the second pump will start also, 


the quantity incoming water great that the level keeps 
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rising after the first pump started. The floats being adjustable, the 
starting levels the pumps are interchanged certain intervals 
time insure all pumps being proper operating condition. The 
air-driven pumps the subaqueous tunnels have similar arrange- 
ments, except that the float operates special air-valve instead 
electrie switch. 


Capacity 
2.. Sunnyside Portal, Tunnel No. 2..... 250 5.0 120 
Sunnyside Portal, Tunnels Nos. 
4.. Long Island City Shaft, Tunnels) s9o00 | 51 100 7.5 1 700 
5.. Long Island City Shaft, ‘Tunneis| 100 7.5 1 700 
6.. 1 000 ft. east of First Avenue Shaft, | } 
7.. 1000 ft. east of First Avenue Shaft, | 
First Avenue Shaft, Tunnels 
54 000 2 100 7.5 1 700 
9.. First Avenue Shaft, Tunnels 
10.. Station, Under tracks| 
east Platform No. 2............ 75.0 690 
Under 3ist Street, 
Station Service Plant............. 000 500 15.0 850 
Pennsylvania Station............. \ V1 250 15.0 1700 
South Side, Tenth Avenue Portal...| 000 
« 
15.. 2200 ft. east of Weehawken Shaft. / so. | $1 20 43 by 4 by 8 in. 59 
2200 ft. east of Weehawken Shaft,) sq) 250 42 by 4 by 8 in. 50 
in east-bound tunnel.............. \ 0 41 50 10 by 8 by 12 in. 40 
17..| Weehawken Shaft.................. 37 000 2 | 250 15.0 1 700 


The discharge from the centrifugal pumps piped the street 
surface and thence the nearest sewer. The discharge pipe from the 
air-driven pumps carried the tunnel bench the nearest shaft; 
thence the surface, and the nearest sewer. 

The pumps the subaqueous tunnels are the duplex, air-driven 
piston type, operated from the compressed-air mains the tunnels. 
This type was adopted, rather than the electrically-driven type, 
insure operation case the pump chamber became flooded. They are 
small only, the quantity water handled not 
great. 
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Intermediate—' 


Fire Protection Station large open area the 
Station yard and the superior fire-proof construction the buildings 
furnish very important fire barrier the heart New York City. 


This break extends from Seventh Tenth Avenues, distance 
2800 ft. 


TYPICAL 
TUNNEL PUMPING 


to Water Main 


Bearing 


6 B. & S. Pipe to Sewer 


o Gate 


7 


The character the buildings would not seem require elaborate 
fire protection, the Station being unusually non-combustible con- 
struction, yet was thought desirable prevent any possibility 
even small fires starting panic among the passengers, the build- 
ing the trains under it, and, furthermore, was desired pro- 
tect the terminal whole from the consequences fire buildings 
private property surrounding it. Therefore, very complete fire 
protection system was installed, both the building and yard. 

The necessary water supply from two pumps the 31st Street 


Service Plant, the fire piping system consisting two closed loops, 
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one supplying the Station Building and the other the yard the 
track level. These loops are 10-in. wrought-steel pipe, the risers 
being galvanized steel. The mains are around the building 
the pipe gallery basement covering the entire area under the 
public rooms, and risers are placed special vertical chambers 
flues, where they are readily accessible. The yard system leaves the 
Service Plant the subways under the tracks, from which the pipes 
are tapped various points under the platforms, along the mar- 
ginal retaining walls. About miles piping, varying size from 
in. diameter, were required. 

There are sixteen 4-in. stand-pipes the main building, with 
hose connections. the track level there are hose connections 
the station platforms and fire-hydrants the yard west 
them. The hose equipment for the yard stored convenient form 
for quick handling the various yard buildings, and the platform 
hose, 100-ft. lengths, coiled special housings the connec- 
tions the columns supporting the buildings. The building hose 
connections are provided also with 100-ft. lengths 24-in. linen hose 
suspended from racks, and the roof 100 ft. hose stored two 
centrally located hose houses. Six Siamese connections are provided 
the building corners permit the city fire engines pump into 
the stand-pipe system. addition, there 60-gal. chemical engine 
with 500-ft. reel carriage the baggage passageway under Seventh 
Avenue. The total length hose equipment about ft. 

The Service Plant provided with 4-in. loop supplying eleven 
hose connections and five monitor connections the roof, for pro- 
tection against fire adjacent buildings. 

Hand chemical extinguishers have been provided various places 
the Station, all buildings the yard, and certain the 
platforms. There are 131 these extinguishers. 

local system fire-alarm boxes covers the Station, 
Service Plant, Station Yard, and Sunnyside Yard. the Station 
Yard there are boxes located central positions the buildings 
and yard. There are also two city fire-alarm boxes the Station 
Building, and these have been connected with the general city fire- 
alarm system. This system operates closed wired 
loops ten stations each, recording three gongs 


gs, one under the 
main concourse, the second the Yard office, and the third 


: 
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the engine-room the Service Plant. addition, there are 
number punch registers and tap bells the offices the various 
station officials. The boxes are the non-interfering, successive type 
the Pennsylvania Railroad standard design. alarm will 
responded special fire-brigade organization which the men 
are divided into hose-wagon, chemical-engine, and stand-pipe gangs; 
and, addition, men are specially designated handle fire ex- 
tinguishers. 

Fire Protection Sunnyside Yard.—In the sub-station Sunny- 
side Yard there are three 500-gal. pumps; one these used for sup- 
plying water for cleaning cars and other yard purposes; one supplies the 
fire mains, maintaining pressure about and the third held 
reserve. There are fire lines throughout the yard, with the necessary 
hydrant connections, and these fire lines are entirely distinct from other 
water lines. There are fourteen fire-alarm boxes throughout the 
yard, and they operate visual indicators the hose-houses and the 
various offices the buildings, and also the whistle-blowing machine. 
Two hose are provided central points for the fire brigade. 
Connection with the city fire-alarm system made through box in- 
stalled for the purpose the auxiliary sub-station. 


Yard Lighting. 

open portion the Station yard lighted 
flaming-are lamps, supported about ft. above the tracks brackets 
from the retaining walls, bridges, and certain other structures, 
give reasonably even distribution light throughout. These 
lamps operate alternating current 220 volts pressure, distributed 
from the Station lighting mains. 

Sunnyside general illumination the yard effected 
forty-one flaming-are lamps the long-burning type, the 
same the Station Yard. These lamps are mounted steel poles 
from 200 350 ft. apart, having special reference important local 
points. Direct current 110 volts supplied the lamps from the 
battery-charging motor-generator sets the auxiliary sub-station 
the yard. 

Manhattan yard similarly lighted flaming- 
lamps, mounted concrete poles. These lamps operate 220-volt 
60-cycle, alternating current, furnished through transformers from the 
200-volt signal mains, and located Signal and 
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Fig, 1.—INTERIOR OF AUXILIARY POWER SUB-STATION, SUNNYSIDE YARD. 


Fic. 2.—BATTERY-CHARGING SWITCH-BOARD, SUNNYSIDE YARD 
AUXILIARY POWER SUB-STATION 


2 


7 


PENN. TUNNELS: STATION, TRACK, YARDS, ETC. 


Snow-Melting System. 

three yards, and applied, needed, the switches, frogs, ete. 
set fire the points question, and this furnishes sufficient local 
heat melt quickly any accumulation snow and ice. Sunnyside 
Yard two storage tanks are placed underground remote 
portion the yard, and from them the oil piped central points 
near the main switch systems the ends the yard. these points 
the oil drawn into small cans and thus conveyed the switches for 
local application. the Station yard, there one 750-gal. tank west 
Ninth Avenue; receives its supply oil through pipe the 
tank, wagon delivery 31st Street. From the tank, local distri- 
bution the yard effected small safety cans. Manhattan 
Transfer, one 1000-gal. tank located underground the west end 
and thence the switches hand safety cans. 

System. 

power needed for moving trains over the Division, and 
for variety other purposes. The requirements will hereinafter 
referred for traction and for auxiliary purposes. Both kinds 
can obviously generated most economically central point, and 
distributed over the division, suitable transmission and distributing 
cable systems, local points sub-stations for transformation and 
control. 

The provisions for traction power are primary importance the 
design and location central plant, and yet the provisions for 
auxiliary power must comprehensive and complete, order 
insure uninterrupted operation the Division whole. This later 
power serves the important operating purposes motive power for 
signals, lighting the Station, tunnels, and yards, the operation 
motors for various purposes about the Station, and for the ventilation 
and drainage the tunnels and yard; also, for secondary purposes, 
charging car batteries, well batteries for the telephone and tele- 
graph system, and baggage trucks. 

Selection Traction the use tunnel entrance 
into New York City was predicated upon the use traction, 
statement the conditions met and the investigations 


leading the determination proper system, and description 
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its general characteristics, will interest. 1902, when the 
terminal work was commenced, there were few practical examples 
heavy electric traction existence, and none the magnitude and 
complexity the proposed terminal operation. was realized 
that much experimental work would necessary perfect the details, 
complete programme this end was laid out some years advance 
the time when the actual installation apparatus would required. 

Electrification portion the Long Island Railroad was begun 
separate matter about the same time, the system adopted being 
the so-called “third-rail,” “direct-current.” This system more 
properly termed the “A.C.-D.C.,” that is, high-tension alternating 
current generated the power-house and transmitted such 
sub-stations, where lowered potential and converted into direct 
current fed into the third-rail system. This system was practically 
the only one sufficiently advanced state development warrant 
its adoption for heavy work the date question. The “single- 
phase” alternating-current system was offered later possible 
advance the art, and was adopted important work, notably the 
New York, New Haven and Hartford Railroad from its New York 
connection Stamford, Conn. This development, therefore, demanded 
investigation the relative merits the two systems for the New 
York Terminal, and this end the President appointed, Special 
Committee, the heads the Motive Power Departments the Penn- 
Lines East and West, and the Long Island Railroad, 
co-operate with and report the writer, determining the system 
used. plan was formulated for investigating the 
behavior the two systems, and, order try out certain 
features the single-phase system its application the tunnel 
conditions, experimental line miles length was constructed 
branch the Long Island Railroad. this line equivalent 
tunnel section was installed and equipped with high-tension overhead 
conductor; various contact devices designed for sparkless collection 
were tried; and multiple-unit motor-car equipment and 
special type A.C. locomotive were tested. The test car and loco- 
motive, well much other apparatus, were kindly supplied the 
Westinghouse Company. 

The results the tests cannot given here detail, but they 


were reassuring some respects and disappointing others. the 
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Fic. 1.—LonG ISLAND POWER-HOUSE. 


—ENGINE-ROOM. LONG ISLAND CITY 3000-Kw. AUXILIARY 
POWER GENERATORS FOREGROUND. 
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main, they demonstrated the need considerable further experimental 
work adapt the system the tunnel and yard conditions. The 
recommendation the committee was for the adoption the “Direct 
Current” (A.C.-D.C.) system, interchangeable with that used the 
Long Island Railroad, for the following main and important reasons: 
First, reliability, from the start; second, freedom from complica- 
tion interchange with the Long Island traction system and the 
Newark Rapid Transit line through the Hudson and Manhattan tubes 
into Church Street, New York; and third, less expenditure involved 
present and for some time come. The above reasons, should 
remembered, apply only this special installation. broad generali- 


zation intended for other traction projects, where local conditions 
must govern. 


Load load conditions both traction and 
auxiliary power; and, case traction power, the requirements for 
the Long Island Railroad. Considering all these requirements, the 
load center was point adjoining the railway lines Long Island 
City and not far from the water-front the East River. was 
first proposed establish two power-houses, each relay the other, 
under which plan the location one house would fall the New 
York side the Hudson River and the other point not far from 
Jamaica. Neither these locations was altogether suitable, ac- 
count difficulty procuring the site the first mentioned place, and 
the absence water for condensing purposes the other. Further- 
more, was found that, dividing the load between two plants, the 
neither one would sufficient give reasonable economy 
operation; the relaying feature, therefore, the two power-houses, 
the case the disablement one them, was the only important point 


favor such plan. Experience has shown that properly de- 
signed plant, provided with suitable safeguards against general break- 
down from accident part the machinery, and with duplicate 
cable connections the outside, can depended furnish un- 
interrupted supply power, except for very infrequent and short in- 
terruptions, which cases power supply can restored less time 
than would take obtain full relief from second plant, especially 
where both are only moderate size. Furthermore, great electric 
traction center, such the City New York, possible estab- 


lish emergency connections with other power-plants. view these 
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considerations, therefore, was determined establish only one 
power-house for present operation, and equip supply power for 
both and auxiliary purposes. 

For emergency supply power for traction, has been ar- 
ranged connect the general traction system three different points 
with the power-plants three companies, namely, the Public Service 
Corporation, New Jersey, the Hudson and Manhattan Railroad 
Company, New York, and the New York and Queens County Rail- 
way, Long Island City. 

000 


ESTIMATED LOAD DIAGRAM 
25-CYCLE, TRACTION, 


000 


600 


000 


Kilowatts 


060 


000 


A.M. P.M. 
Fig. 14. 


emergency supply for power purposes the Service 
Plant, described elsewhere, equipped with generating apparatus 
capable supplying all the auxiliary power required for the entire 
system. The load conditions for all services are shown 
the curves, igs. and 15; and the central power-plant has been de- 
signed care for these loads with sufficient reserve for ordinary 
emergencies and limited amount spare capacity the building 
for growth traffic; but has not been designed take 
general extension the electric traction system other Pennsylvania 
lines. When such extensions are made, additions can made 
present power-house building, or, preferably, new power-house 
erected the New Jersey side. 
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Long Island City Power-House. 


Long Island City Power-house, Fig. Plate 
River, Long Island City, location nearly central 
load conditions, close the tunnel lines, and requiring 
ble connections the tunnels, and thence over the Ter- 

‘ing this plant was undertaken some years prior the 
the tunnel system, order care for the electrified 

Island Railroad into the City Brooklyn, follow- 
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ing the completion the Atlantic Avenue Improvement that road; 
and power from for this operation has been furnished since 1905. 
Recently additional equipment has been added for the tunnel opera- 
tion. 

site was partly under water, with solid rock 
depth from ft. below high water, the intermediate 
strata being clay, sand, and gravel. was decided use pile 
foundation, overlaid with base. The piles were 
spaced 2-ft. centers, average, and carry load tons 
each; 9100 piles all were used. They were cut off below the 
extreme low-water line and overlaid with mattress ft. 


thick, which about 000 cu. yd. concrete were required. 
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building steel-frame structure with brick cur- 


tain-walls. fire-proof construction throughout, with windows 
wire glass metal frames. The boiler-room double-decked; the 
engine-room adjoins, with the switching galleries the side (see 
Plates XCIII and XCIV). The coal stored above the boiler-room 
pockets having 200 tons capacity. The bunkers are reinforced 
with partitions dividing the storage space. There are four 
stacks, carried from the base independently the house. They are 
233 ft. high above the grates the upper tier boilers, 275 ft. 
from the base, with interior diameter ft. They are steel, 
brick-lined the top. The coal-handling plant designed deliver 
coal into the power-house pockets from barges the water-front dock, 
although delivery from cars may made required. 

Fire complete fire protection system has been pro- 
vided, chiefly because the possible hazard from adjoining buildings. 
The stand-pipe system consists 6-in. risers the corners the 
building connecting seven hydrants the roof with monitor noz- 
zles. There are also two nozzles the bridge the coal tower and 
two the extreme end protect the dock property. Six Siamese 
steamer connections are provided the street level, and may used 
for hose connections for supplying the stand-pipe system from the 
city fire department steamers. the basement there are two duplex 
fire pumps, each having capacity 1000 gal. per min., each with 
10-in. suction from the river, and delivering into the header for the 
building supply. The coal bunkers are provided with pipe connec- 
tions for flooding necessity. 

Coal hoisting tower the deck connected with 
the house bridge, 500 ft. length; with its deck 107 ft. above 
the dock; the tower 170 ft. high. Coal hoisted 2-ton self-loading 
buckets, speed 1000 ft. per min., the weighing and crush- 
ing machinery the tower, from which delivered into the cars 
railway the bridge. The machinery capable unload- 
ing and delivering into the bins 150 tons per hour, and, for the past 
three years, the average cost handling, for labor and maintenance, 
has been 5.40 cents per ton. Ashes are delivered into bin outside 
the building and over railroad track, telpherage system 
which hoists and transports the ash cars from the 
ment. 
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each 564 h.p., sixteen each floor, Babcock and Wilcox water- 
tube type, built for working pressure 200 lb. per sq. in., and 
fitted with superheaters for 150 lb. superheat, and mechanical 
stokers. the rear the boilers are placed the economizers, one 
for each two batteries boilers. 

Turbo-Generators.—Westinghouse-Parsons steam turbines drive di- 
rectly the three-phase, A.C., 25-cycle, revolving-field gen- 
erators. The equipment initially installed operate the Long Island 
Railroad traction system consisted three units 5500 kw. each, 
750 rev. per min. care for the increase load from the Ter- 
minal operation, two units were recently added. These are double- 
flow turbines, direct-coupled three-phase generators 
000 kw. capacity 750 rev. per min. 

Two 3000-kw. turbo-generators the same type (Fig. Plate 
XCII), generating three-phase current 11000 volts and cycles, 
have been provided for auxiliary power purposes; these units relay 
similar units the Street Service Plant, and are used either 
for emergency, summer when exhaust steam from the latter 
plant not needed for heating the Station Building. There space 
the present building for additional unit kw., with the 
necessary boilers and accessories. 

the turbines are condensing. The condensers 
for the three original units are the “surface” type, and 
were selected order reclaim the boiler feed-water, water had 
purchased and was quite expensive. Injection water obtained 
from the East River. was expected, the maintenance cost these 
surface condensers proved rather high, and when the additional 


units were installed opportunity use condensers economi- 


was afforded the discovery ample supply good water 
Sunnyside Yard. This supply estimated sufficient care for 
all power-house boiler feed-water well the yard requirements. 
The four new units were provided with jet condensers the Blane 
type. 

Exciters—Three separate sources current are provided for 
exciting the fields the generators: these consist of, two steam-driven 
units, one motor-driven unit, and storage battery. 


Switching switching apparatus separately- 
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housed gallery three floors and basement. The various cables are 
brought out the conduits the basement floor cubicles the 
switches the floor above. for lighting purposes and 
for the motor-driven exciter are also located the basement floor, 
well the storage battery for emergency excitation and for operating 
the electrically-controlled switch-board. 

the first floor are mounted the main generator-switches and the 
individual feeder-switches. the second floor are 
switches the generators, and the selector-group-switches for the 
feeders; also the main bus-bars and tie-switches for the same. 
the third floor are installed the main controlling switch-board panels, 
instruments, ete., for controlling all generator-feeder- and group- 
switches. This floor also contains the motor-driven exciter and 
battery-charging booster, and one end there separate control 
board for controlling the sub-station machinery. Near the main 
switches glass-enclosed bay provided, from which afforded full 
view the engine-room containing the turbo-generators and rotary 
converters. 

The switching arrangement consists providing open-ring 
bus structure, divided into three sections, controllable the operator 
through oil-switches. The three 500-kw. generators and all the switch 
feeder groups are arranged connect either the two end loops, 
and two generators are connected the middle sections 
the ring. 

All feeders are arranged groups, usually three feeders per group, 
and connected through the oil circuit-breakers group bus-bars, which 
turn are connected the main bus-bars through selector-group- 
switches. the remote-controlled switches and circuit-breakers are 
the oil type, having the immersed the oil chamber 
all times, which effectively are when the switch 
broken under load. 

The feeder cables which lead the Long Island Railroad, where 
the transmission the main overhead, and where short-circuits are 
consequently more apt occur, are provided with auxiliary switches 
having resistance contact, which, during the opening the switch, 
serves first cut resistance series, thus reducing the current before 
the actual break occurs. The neutral points the generator winding 


are connected neutral bus-bar, which grounded through suit- 
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able grid resistance adjusted limit the flow current when the 
line becomes grounded. 


The 60-cycle switching apparatus similar every way the 
equipment, except that single set bus-bars used 
and provided with knife-switches for dividing the two sections 
emergencies. 


The machinery equipment this power-house, excluding the trac- 


tion sub-station (given elsewhere), may concisely listed follows: 


Coal pocket top building; capacity, tons. 
Thirty-two 564-h.p. water-tube boilers, 200 lb. working pressure, 
125° superheat. Space for additional 564-h.p. boilers. 
Boilers equipped with Type Roney stokers, 150 in. wide, 
grates deep. 

Two 000-kw., 000-volt, 3-phase, 25-cycle, turbo-generators, and 
space for one additional, for traction power. 

Three 3-phase, 25-cycle, turbo-generators, 
for traction power. 

Two 3-phase, 60-cycle, turbo-generators, for 
auxiliary power. 

One 200-kw., motor-driven exciter. 

One 50-kw., motor-driven exciter. 

Two 200-kw., turbine-driven exciters. 

One 600-ampere-hour, storage battery 110 cells. 

One Tirrill regulator for 25-cycle generators. 

One Tirrill regulator for 60-cycle generators. 

Three 175-kw., oil-cooled transformers. 

Thirteen 000-volt, Type oil circuit-breakers. 

Thirty-nine 600-ampere, Type oil circuit-breakers. 


Switch-board: 


One bench-board, eight panels, for control 25-cycle generators; 
and three panels for control 60-cycle generators. 

Six 25-cycle, generator panels. 

Two generator panels. 

Two 25-cycle, station panels. 

One 60-cycle, station panel. 


Transmission. 


The transmission electrical energy from the power-house 
entirely 000-volt, three-phase, alternating current, the traction power 
being and the auxiliary power 60-cycle (see Plate XCV). The 
distribution all power three-conductor, paper-insulated, lead- 
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covered cables, drawn into the conduits between the switch-boards and 
the shafts communicating the tunnels. 

Four power cables run from the Power-House direct Service 
Plant Sub-station No. three additional power cables run direct from 
the Power-House Sub-station No. Hackensack Portal, New 
Jersey; and two extension cables connect Sub-stations Nos. and 
Sub-station No. these feeders leave the house three 3-phase 
open-wire circuits the steel pole line, crossing the Meadows and 
terminating Sub-station No. Harrison. All these 25-cycle 
feeders are 250000 cir. mils section per conductor. 

Power for the Long Island Railroad supplied similar manner 
through seven high-tension cables laid the conduit system 
arrester-house the west end Sunnyside Yard, from which open 
circuits are continued, through suitable lightning arresters, overhead 
steel pole line through the yard and thence various sub-stations 
the Long Island traction system. 

before mentioned, the potential the high-tension lines from 
000 000 volts, this being sufficiently high for economical trans- 
mission for the distance which power present used the 
Pennsylvania and the Long Island systems; suitable potential 
for direct generation without using step-up transformers, and 
commercial voltage for insulated cable. provide for the contingency 
extension the traction system the New Jersey side beyond 
Newark, for tie lines future power-house, space has been pro- 
vided the pole line for additional suitably spaced for 000- 
volt transmission. the event such requirement, intended 
provide step-up transformers the Hackensack Portal Sub-station, 
and line westward therefrom. 

Auxiliary power (60 cycles) transmitted from the power-house 
through the tunnels the Service Plant similar way (see Plate 
four cables, two these going the Service Plant direct, 
and two the tunnel shaft-houses for tunnel lighting and miscellane- 
ous power. The two cables the Service Plant have conductors 
No. section, and those the tunnel shaft houses have con- 

there are four tunnels under the East River, the 25-cycle and 
60-cycle cables are subdivided into groups and distributed through the 
tunnels that there duplication routes, well cables, for 
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all services. Between the power-house and the shafts the conduit lines 
are divided into two groups with separate manholes, each which 
approximately half the cables each type are run. Similarly, the 
cables for the Long Island transmission are kept entirely distinct 
from those the tunnel operation. 

Furthermore, providing cables for various purposes, the above 
arrangement each sub-station has three more traction power cables, 
two which are ample carry the load, and the auxiliary power 
cables are duplicate; thus there margin from 50% 
the capacity the provide against break-down. 

Each cable provided each end with high-tension, automatic, 
oil disconnecting switches, and section bus-bars, 
give complete control the cables when operation and permit 
the isolation one more cables sections the bus-bars for 
repair purposes without interfering with the operation the remaining 

splicing chambers the duct system, and where the cables are 
exposed the sub-stations, the lead sheathings the cables are con- 


nected and grounded intervals for protection against electrolysis. 
Traction 


There are four traction sub-stations for the Terminal Division, 
and their locations have been fixed with reference the loading require- 
ments and certain physical conditions along the line. 

No. has been placed the Power-House, and supplies the East 
River tunnel lines, Sunnyside Yard, and the Long Island tracks 
through the yard point where the load taken the first sub- 
station the latter road. This location secures economy first 
cost and operation the direct-current supply for this section. No. 
the Service Plant, adjoins the main yard, and centrally located 
for movements the yard, the East River and North River Tunnels. 
No. the Hackensack Portals, because the desirability 
having the power supply near the tunnel grades, and order 
permit changing from underground cables overhead line construc- 
tion the first point where such change was permissible; obviates 
separate provisions for housing switching apparatus and for lightning 
protection point between sub-stations. No. the junction 
the Terminal and the New York Divisions, making available for 
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supplying power, not only the Terminal Division, but for the Rapid 
Transit line between Newark and Jersey City, connection with the 
Hudson and Manhattan Company’s tunnels Church Street, Man- 
hattan. Plate XCVII shows the interior this sub-station. 


TABL 


Sub-Station. No. No. No. No. 


Long Island 
Incoming high-tension 
Outgoing high-tension 


High-tension 


| 


750-kw., air- 750-kw., air- air- air- 
Main transformers......... blast. blast. 

Starting transformers....... 125-kw.. OISC. 75-kw., OISC. 75-kw., 75-kw., OISC. 

2-20 000 cu. ft. 2-20 000 cu. ft. 2-20 000 ft. 2-20 000 cu. ft. 


Equipment.—In each the sub-stations there are installed high- 
tension switching apparatus, step-down transformers the air-blast 


type, and three 000-kw. rotary converters for converting the alternat- 


ing into direct current for traction purposes, also, the necessary low- 
tension switching apparatus for controlling the out-going direct current 
the various third-rail feeders. The normal direct-current voltage 
650, and the machines are designed with special reference the 
fluctuating nature the traction load, and will operate 200% 
overload. Two the rotaries each sub-station will carry the load 
that sub-station, the third being reserve, and space provided 


the buildings for additional machine when required. 

The apparatus has been arranged with special reference economy 
the number attendants required the operation, the machinery 
and switch-boards being the same floor. all sub-stations the high- 
tension circuit-breakers are remote-controlled electrically from the 
and Nos. and the direct-current switches and 


breakers are operated small motors and are remote-controlled. 
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Auxiliary 


There are six sub-stations convenient points for supplying the 
tunnels and yards with auxiliary power for the various purposes 
described elsewhere; they have been designated letters order 
distinguish them from the traction sub-stations. 

Sub-station “A” Sunnyside Yard, 
and the only one using 25-cycle current. The 000-volt, 3-phase, 
power obtained from two the overhead Long Island 
Railroad feeders passing the yard; stepped down suitable trans- 
formers, and converted three 250-kw. motor-generators into 110 
220-volt, 3-wire, direct-current power for charging train batteries, 
yard and building lighting, operation elevators, and for miscellane- 


ous motors for driving machine tools, cranes, refrigerating plant, 


TABLE Power 


| | 
Yard. Sand Shaft. ken Shaft. 
000-volt feeders. Two 25- Two 60- Two 60- Two 60- Two 60- 
Horse Power mo- 
tors supplied...... 250 105 110 87.5 140 
Approximate num- 
incandes 
cent lamps........ | 1 100 1100 | 625 625 300 800 
Battery 
Voltage of motors... 220 440 44( 440 440 440) 


The charging switch-board this plant worthy 
special mention. The placing cars fixed positions required that 
their lighting batteries should charged any point the yard, 
covering thirty-four tracks, with total trackage length miles. 
order reach any was necessary provide from 
central point outlets approximately ft. apart each track, and 
make provision the sub-station for controlling switch-board 
panels. these are mounted 476 five-point switches, which 


connect through suitable resistances the respective outlets the 
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tracks for regulating the current supplied each battery. these 
panels means are also provided for indicating the charging current 
and voltage each circuit. The board was specially designed occupy 
the minimum space, the panels requiring length only ft. 

Sub-station “B” the house over 
the shafts Tunnels Nos. and Long Island City. con- 
nected with the Power-House two feeders. Step-down transformers 
are installed supply power 440 volts, 3-phase, operate motors 
the shaft sumps and the Sunnyside Yard portals the tunnels; 
also motors for operating the ventilating fans this point. The same 
transformers, connection the neutral point, supply 252-volt, 
single-phase current for lighting the tunnels. From this sub-station 
one 3-phase, cable run through each the four tunnels 
Auxiliary Sub-stations “C” and “D”; two each sub-station. 

Sub-stations and “C” over the 
First Avenue shaft Tunnels Nos. and and “D” over the shaft 
Tunnels Nos. and Two sub-stations were provided this 
point because was not feasible connect the two shaft-houses 
ducts and power cables, was done Long Island City. These sub- 
stations are similar “B,” except that there are outgoing 000-volt 
each these sub-stations installed step-down trans- 
former for supplying alternating-current power the fan and pump 
motors and for the tunnel lights. 

Sub-stations “E” and “E” and “F” 
are the Eleventh Avenue and Weehawken shafts, respectively, the 
North River Section, and are supplied with current two 
cables from the Service Plant. These cables are tapped into Sub- 
station “E” the Eleventh Avenue shaft, and terminate Sub- 
*station “F.” Each sub-station equipped with lowering transformers 
for operating motors for sump pumping, ventilating, and tunnel 
lighting. 


Switching Stations. 


Intermediate between the traction sub-stations are located switching 
stations, chambers built the tunnel system, and small buildings 
adjacent the line the open. These stations are not provided with 
attendants; they contain switches for sectionalizing and cross-connect- 
ing the direct-current third-rail system. With two exceptions, the 
stations are equipped for the remote control switches and circuit- 
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breakers, and are operated from the nearest traction sub-station 
special control circuits, the two which are provided with hand-controlled 


switches are near signal cabins, and are operated the signalman. 


TABLE Stations System). 


| No. of No. of | 
No. Location. main line 
operated. controlled. 
|Signal Cabin ** Manhattan Trans- 


Distribution and Control. 


Distributing general, the direct-current traction feeder 
consist only the third-rail and track return, with short cable 
between the sub-stations and the third-rails and tracks, 
these being sufficient carry the currents without excessive losses. The 
only exception between Sub-stations Nos. and where the distance 
such that necessary supplement the third-rail and track return 
positive and negative feeder; these are each cir. mils 
section, and are carried the high-tension pole line. The return feeder 
continuous between sub-stations, with connection each track 
each signal. The positive feeder omitted between switch- 
ing stations. 

necessary, order avoid undue current loss excessive 
first cost, connect all sub-stations parallel through the third-rail, 
and interconnect the third-rails the two tracks intermediate 
points bétween sub-stations. accident, such the grounding the 
third-rail, under these conditions, however, would ordinarily affect the 
entire section line; order, therefore, secure the advantages the 
interconnected system, and the same time permit ready isola- 
tion any section track without interfering with operation the 
adjacent tracks, system sectionalizing was installed. 


this, the switching stations above refered have been provided, 
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addition the normal switching apparatus the sub-stations; and 
the connections the switching stations are such that remote con- 
trol the operator any sub-station has complete control each sec- 
tion track between that sub-station and the nearest switching sta- 
tion. The circuit-breakers are also both points, that 
over-load short-circuit the section affected cut out only be- 
tween the sub-station and the nearest switching station, and one 
track only. 

restore the section after the over-load, the operator closes switch 
the sub-station, and this, through the remote-control circuit, actuates 
the switch the switching station. the hand-operated switching 
stations, the are closed the signalmen receiving instruc- 
tions from the sub-stations. 

the yards complete system sectioning also provided. This 
especially necessary because the multiplicity tracks, and the 
necessity for isolating limited section only, which may affected 
the accident. the station yard the tracks are divided into twenty- 
one sections, shown Plate XCVIII, and these are planned that 
accident any one section will not interfere with through movements 
the main tracks, and will not isolate undue portion the station 
tracks. The station yard sectioning effected switches the Ser- 
vice Plant Sub-station, and under the control the operator there. 
Similarly, the third-rails the Sunnyside Yard tracks are divided into 
seven sections, controlled the yard switching station. 

Third-Rail Sectioning addition the provisions for 
sectioning and the third-rails, above described, this 
rail each tunnel sub-divided into sections, each about 1500 ft. 
length, quick-break knife-switches. These are located approximately 
each the signals, and where the signals are far apart they are 
placed half way between. They are normally closed, but may opened 
emergencies, such wreck derailment, the grounding the 
third-rail, localize the trouble and allow trains not immediately 
within this section operated out the tunnel, and also allow 
wrecking trains operated close the point derailment 
assist clearing the wreck, haul stalled equipment from 
the tunnels. 

“Power connection with the sub-division the 


third-rail into sections from sub-stations and switching sta- 
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tions, provisions have been made prevent train from running 
dead section third-rail. this, the rail sectioned certain 
the signals, and relay provided, with connections 
the third-rail and the signal, which the are arranged 
that when the rail dead the signal indication will “Stop,” and 
the same time gong will ring the signal notify the motorman, 
when brings his train stop, that not proceed. Where 
the sections occur interlockings, the indication given the 
operator the signal cabin. 

Tunnel Alarm System.—Certain conditions may when may 
desirable cut off the current from the third-rail because high- 
resistance ground short-circuit which does not pass sufficient cur- 
rent actuate the circuit-breakers the sub-stations and 
switching stations, when there may danger injury workmen 
others accidental contact with the third-rail. such emergencies 
the tunnel alarm system permits immediately making the third-rail 
dead. The details this system are the section devoted 
“Tunnels.” 

Third-Rail and Track Return. 


The Terminal operation, elsewhere explained, required through 
service with the existing traction system the Long Island Railroad, 
comprising more than 100 miles electrified track. The top-contact 
type third-rail use this latter road, and has been found 
satisfactory, the cost maintenance being very low, and has the 
important advantage simplicity parts, flexibility, ease main- 
tenance and installation, and easily repaired cases derailment. 
Third-rail location and clearances have been standardized the Ameri- 
can Railway Association, and, matter course, the Long Island 
and the Terminal Railroad installations have been made -to conform 
therewith. 


Rail Section—On account the very heavy currents used for indi- 


vidual trains, and the density have large 


capacity and the collector system. 
The capacity part fixed the distance between the feeding points, 
and the required conductivity may provided either light third- 
supplemented copper feeders, rail large cross-section and 
special composition, which most would require supplemental 


feeders. The latter arrangement was adopted being more economical 
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first cost and greater simplicity. The rail section used the 
main-line tracks the heaviest yet adopted for traction purposes, being 
150 lb. per yd., and special chemical composition, low carbon and 
other hardeners, giving resistance about eight times that copper, 
instead about twelve times, the ordinary track rail. 

The rail, Fig. 16, section having vertical height in. 
and lower flange width in., making section which allows for 
ample insulation from the track ties, and stable against overturning; 
also provides for simple form splice, and convenient bonding 
the joints. the yards, where the large section not needed for con- 
ductivity, and where desirable have the maximum clearance 
for signal and other apparatus along the track, the section consists 
25-lb. standard Bessemer T-rails, Fig. 17, mounted inverted posi- 
tion, the foot the rail constituting the contact surface. 

the Long Island Railroad and elsewhere, 
with various types insulators, has resulted the adoption, the 
Terminal Railroad, simple and substantial form insulating block 
for supporting the third-rail. These blocks are porcelain, made 
the “dry” process, which gives very tough and mechanically strong 
insulator, with ample and permanent insulating qualities. For the 
open sections the road simple rectangular block with rounded cor- 
ners used; the tunnels, where places there dampness due 
condensation, salt seepage-water, petticoat-type insulator used, 
which furnishes more extended surface provide against leakage 
current. 

Bonding.—The heavy-section rail bonded with ribbon-type, 
pressed, terminal foot-bonds, four joint, having conductivity 
equivalent 80% that the third-rail. The light-section rails for 
the yards are bonded with the protected-type, pin-terminal cable-bonds. 

third-rails throughout are protected continu- 
ous plank carried wrought-iron brackets secured the third-rail 
ties, shown Figs. and 17. the open line, this plank 
yellow pine, but, the tunnel, Jarrah wood, imported from Australia, 
has been used, because its slow-burning qualities. 

Connections.—The connections the third-rail from sub- and 
ing stations are made insulated cables cir. mils section 
for the heavy rail, and 1000000 cir. mils for the light rail. The 
cables terminate special porcelain “pot-heads” from which flexible 
cables are connected the third-rail bond terminals. 
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Track Bonds.—Throughout the main tracks, both rails each track 
are bonded; the yards, however, elsewhere explained, only one rail 
bonded. the open, where there danger theft copper, the 
bonds are the protected type, placed under the joint angle-bars; 
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the tunnels and terminal yard, from which the public excluded, long 
cable bonds are run around the angle-bars. All bonds are wire 
provided with forged copper terminals, and are secured drilled 
the rails steel pins driven through the center the heads. 
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matter interest, will noted that there was great difficulty 
drilling the open-hearth steel rails for these connections; was found 
that tools suitable for Bessemer rails would drill only from two four 


holes the open-hearth rails; therefore special steels had used 
for the drill bits. 


TABLE 


| | 


Overhead Third-Rail.—In order provide continuous power sup- 
ply electric locomotives passing through certain cross-overs and 
the ladder tracks the Station yard, was found necessary sup- 
plement the usual ground third-rail construction sections over- 
head contact; the arrangement, furthermore, permits the simplifica- 
tion the contact system the complicated special work the 
tracks, reduces the number cable cross-connections, and allows 
more space for the installation and care switch-operating apparatus. 
general, has been designed give continuous contact through 
all ladders and for important locomotive switching movements, but, 
for minor movements and single two-car multiple-unit operation 
has been assumed that coasting over gaps the ground third-rail 
will permissible. 

The overhead contact consists 25-lb., standard-section T-rail, 
hung flange downward through insulators from longitudinal lattice 
box-girders. Under the buildings and viaducts these girders are sup- 
ported the floor structure, and the open yard they are carried 
eross-girders supported columns between tracks. reduce 
the number columns, the cross-girders are designed part 


simple spans, and part cantilevers, and the longitudinal system 


cantilever trusses having curved top chords. The structure carries 


generally two parallel lines third-rail, one for each the tracks 
the double ladder systems; and many locations used 
upport for the interlocking and block signals. 
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fenders have been placed the approach either direction about the 
lower portions all columns, protection against damage from 
derailment rolling stock. 

The locomotives are equipped with air-operated, overhead, panta- 
graph shoes, which may raised the motorman when desired, 
make contact with the rail, and the contact surface the latter 
sheathed with heavy sheet-copper, order reduce sparking when 
heavy currents are thus drawn. motor cars have not 
been provided with top contact shoes. overhead contact system has 
been found necessary the Sunnyside Manhattan Transfer Yards. 

The following are general data relating the Station yard over- 
head system: 


Total length contact system.............. ft. 
Distance from top track rail contact 

Distance from top track bottom chord 

Length complete cantilever span........... 122 ft. 
Number columns required for entire system. 


Throughout the tunnels and terminal area all cables for power, 
and telephone and telegraph service, are run permanent system 
tile conduits, described detail their constructive features 
other papers. There are all approximately 400 duct miles 
power conduits and 600 duct miles telephone and telegraph conduits. 


The general scheme involved their planning follows: 


. 


Power Conduits—The system power conduits originates the 


Long Island City Power-House, from which two separate banks til: 
ducts are run the four water-front tunnel shafts. these points 
vertical pipe conduits are embedded the shaft linings and connect 
the splicing chambers the ducts the tunnel benches. The 
extend one bench each tunnel eastward the portals Lon; 
Island City and westward the throat the yard, near Sevent! 


d 


Avenue. From this point they are continued westward below 
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yard sub-grade point opposite the Service Plant between Seventh 
and Eighth Avenues; thence southward the splicing chambers 
the basement this building. The arrangement ducts similar 
through the yard the North River Tunnels and through them 
the Hackensack Portal; thence they run along the walls the approach 
and into Sub-station No. where the duct lines terminate. The con- 
duit system above described furnishes housing for all classes high- 
tension cables, and permits dividing the cables into groups, that 
independent duplicate routes are provided each power-transforming 
point. 

Telephone and Telegraph similar system has been 
provided for other than power purposes, such telephone 
graph. the tunnels these ducts occupy the opposite bench from 
the power ducts, and the terminal yard they consist separate 
lines. This telephone conduit system was designed for the use 
the Railroad Company, but connections have been made various 
points other telephone and telegraph systems, Long Island City, 
Manhattan, and New Jersey. Long Island City the conduits 
terminate the tunnel portals, but the water-front certain ducts 
have been brought the surface the First Avenue shaft and others 
Sixth Avenue, 32d and 33d Streets. the terminal yard num- 
ber ducts terminate distributing chamber under the Station 
Building, and others Ninth Avenue. the Hackensack Portal 
all duets terminate, and connection here made with the pole lines 
the Postal Telegraph Cable Company and the Railroad Company. 

will noted, from Table 13, that the number conduits 
the various sections not the same; this was caused the advisability 
installing the permanent tunnel construction many ducts 
there was convenient space for, the limit being the maximum number 
which could cared for properly the splicing chambers. 
Obviously, therefore, there are fewer ducts the river tunnels, where 
the size the splicing chambers limited, than the land tunnels 
and the Station area. 


The Meadows section the railroad 5-mile continuous stretch 
semi-tidal meadow swamp land, except for short section rock 
outeropping Snake Hill. The Hackensack River crossed midway 
the The ground surface covered with heavy growth 
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reeds, and the top stratum peaty bog, from ft. deep, 
underlaid with varying strata clay, fine sand, and mixed sand and 
clay for very considerable depths. Across this section, and adjoin- 
ing the track embankment, pole line was erected for telegraph and 
telephone purposes, Fig. Plate XCIX, and one for the high-tension 
power wires, Fig. Plate XCIX. 


TABLE 


No. Telephone 


Location. From: To: No. and Telegraph Total. 
Ducts. 
orth River Tun- Shaft Shaft South South 
| | Shaft Portal South 36\South 20; 56 
Terminal} Service Plant 184 Room 
Tunnel No. 1-30 


480 


Tunnel No. 1-30 Tunnel No. 1-48) 


6th Avenue Shaft “ 3-30 2.48 78 

| | be 4-30 4-48 
East River Avenue Long Island 


Tunnel No. Tunnel No. 1-40 


* 2-15 2-40| 55 

4-15 4-40; 55 

Tunnel No. 1-15 Tunnel 1-24 

|| Long Island Long Island |} 2-15 2-24) 39 

Long Island Long Island | Long Island |} "40 | | 


Telegraph Line the telegraph and telephone 
service will require open wires and two 40-pair cables, and was 
desired make this line entirely secure against probable interrup- 
tion severe storms fires the swamp reeds. The character 
the foundation, indicated, was bad, and, after much considera- 
tion, was decided substitute for wooden pole line, which 
would inadequate for the conditions, one concrete poles, which, 
while somewhat experimental, and perhaps somewhat more costly. 
would provide safe and durable construction. 
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TABLE 


Description. 


Manhattan Transfer Yard: Power-transmission 
Power-transmission line. 


Meadows Section: 


Meadows Section: 


Sunnyside Yard: Signal pole line.. 


Sunnyside Yard: Power and lighting 


Concrete telegraph and 


Present 
installation. 


Total future 
capacity. 


ground wire... 
signal wires.... 
ground Wire...... 
power wires. 
4 signal wires .... 
wires..... 
open wires. ..... 
telephone cable.. 
signal cable...... 


Varies from 


if 


| 
| 


ground wire. 
power wires. 
signal wires. 
ground wire. 
power wires. 
signal wires. 
feeder wires. 
open wires. 
telephone cables. 
signal cable 
signal wires. 
signal wires 
signal cable. 
1 ground wire. 
power wire 
fire-alarm wires. 
arc-light wires. 
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this section 202 poles were required. They were spaced from 
135 ft. apart, with average standard span 120 ft., the 
variations span being due the numerous railway and highway 
crossings. The heights the poles above the ground vary from 
ft., and they are from ft. total length. 

The design, made Coombs, Am. Soc. E., Structural 
Engineer the staff the writer, called for transverse loading 
conditions, case maximum storms, equivalent 6000 
6.5 ft. below the top the pole for the 120-ft. span length. The 
poles are square cross-section, with chamfered corners and with 
taper in. ft. The 1:2:4 mixture which they 
are made was assumed have ultimate unit strength, com- 
pression, 2200 Ib. The reinforcement composed mechanical 
bond bars tied together into square skeleton frame. the com- 
pleted pole, this covered 1-in. minimum thick- 
ness concrete. The skeleton reinforcement was placed horizontal 
frames, and the concrete mixture was poured and carefully tamped. 
special yard (Fig. Plate CI) was established near the line, 
which make, store, and season the poles. The average number 
poles made per day was six, and they were left place days 
season. 

After number experiments, was found best set the 
poles pits (Fig. Plate excavated the marshy stratum. 
These pits were generally about ft. square and ft. deep, and 
timber grillage was placed around the base each pole, and about 
ft. below the top the ground. This grillage consisted six 
track cross-ties bolted together and pole, and partly planked 
over 3-in. rough lumber. The pole, which projected below the 
grillage and was pointed the butt, was jetted down compressed 
air into the sandy layer, that the grillage would rest the bottom 
the pit. The pits were then back-filled with rock and clay. Poles 
are cross-guyed, and the terminal and railway crossing 
poles are head-guyed with steel cables. Fig. Plate shows 
pole ft. long, with ft. penetration, and tested ultimate 
load 4360 applied horizontally 39.5 ft. from the ground. Sub- 
sequent poles were modified design, giving greater strength. 

Because the unusually heavy line and the extra length required 
for the foundations, the gross weight per pole, exclusive grillage 
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CONCRETE POLE TELEGRAPH LINE, MEADOWS DIVISION. 


2.—PoOWER TRANSMISSION LINE, MEADOWS DIVISION. 


q { > 
x 
m. 
} 
1X 


\ 
{ 
7 


PENN. TUNNELS: STATION, TRACK, YARDS, ETC. 765 
and more than would required for ordinary telegraph 
poles, and varies from 300 for 35-ft. pole lb. for poles 
ft. length. 

Transmission Line elsewhere described, the wires for 
the transmission traction power from the tunnel portal Harrison 
Sub-station, and the wires the high-tension signal power circuits 
the same section, are carried line steel poles along the 
southern edge the right way across the Meadows. These poles 
are set 300 ft. apart, and are designed for, not only the present re- 
quirements, but carry seven additional three-wire transmission cir- 
cuits which may required the future. The total loading called 
for very substantial pole construction, and also for foundations 
carried through the soft upper strata the marsh firm 
bearing. 

The poles are latticed structural steel, square cross-section, 
with one angle each corner and single-angle bracing. The poles 
have outline, conforming the load requirements and 
giving improved appearance. The parabola such flat outline 
that was not necessary bend the main angles before assembling. 
The poles were completely riveted the shop, with the exception 
the cross-arms. The latter consist single ship-channels with flanges 
turned downward. The pole has cast-iron cap the top, and 
section pipe carry 250000-cir. mil copper ground-wire, which 
also forms part the negative, return circuit. 

the Hackensack River was determined carry the 
wires overhead rather than submarine cables, order preserve the 


integrity the line against lightning disturbances, and provide 


for the use transmission the For this pur- 
pose was necessary carry all wires with the clearance specified 
the War Department over navigable streams, and this required the 


use two unusually high steel towers. The line approaches the 


river with 300-ft. spans 50-ft. poles, rising intermediate 70-ft. 
pole, then sharply the high towers, 181 ft. in. above high water; 
the lowest wire this crossing 137 ft. in. above high water. The 
wire span over the river has length 765 ft. The towers are 
the same general outline the poles, but much heavier section and 
larger dimensions. They are ft. square the base and ft. 


square the top. The tops the foundations are ft. above high 
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water, and the total height from the water the ground-wire 
195 ft. The towers are carried twin-pier, reinforced concrete 
foundations, each having eleven timber piles under it. 

The pole foundations across the Meadows are concrete from 
eight ten piles, depending the size the pole; the piles were 

Although the character the sub-surface strata the Meadows 
had been studied from test borings, was found that the conditions 
varied radically, and was not possible, even after driving the piles 
for one foundation, determine advance the approximate length 
those for the next (300 ft. distant). This uncertainty added ma- 
terially the difficulty distributing the piles. The cut-off was 
below the level the water the marsh, and, accomplish this, 
well place the concrete foundations for the poles the water- 
bearing ground, was necessary use steel sheet-piling and remove 
the water with power pumps. 

concrete-mixing train was used for the foundation work; this 
plant consisted three cars, the center one containing the mixer 
with the engine and boiler, and end cars carrying the sand and stone; 
these cars were provided with steam coils heat the mixture, the 
foundations had built cold weather. 

The poles, both steel and concrete, were erected with standard, 
75-ton, wrecking derrick, fitted with special 90-ft. boom capable 
lifting either the steel concrete poles point ft. from the 
center the track. The concrete poles were lifted from the cars 
which they were loaded, and placed timber horses adjacent the 
excavation where they were set; the cross-arms and grillage were 


then put place, and the pole, thus equipped, was picked the 


top and lowered into the excavation. The steel poles were picked 


from the embankment, where they had been unloaded, and lifted 
the derrick vertically over the foundation and set place, shown 
Fig. Plate XCI. 

Insulators.—All high-tension insulators are porcelain, the 
petticoat type. Straight-line insulators are made three pieces, 
and strain insulators two pieces. These insulators are mounted 
cast-steel pins bolted the steel channel cross-arms. 

Anchoring transmission line poles supporting the 


spans crossing the various railroads the Meadows section, and the 
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Fic. 1.—GRILLAGE FOUNDATION FOR CONCRETE POLE. 


Fig. 2 TEST oF CONCRETE POLE: POLE 55 Fr. Lone; 13 Fr. PENETRATION ; 
ULTIMATE LOAD, 4 360 LB., APPLIED HORIZONTALLY 39.5 FT. FROM 
rHE GROUND. SUBSEQUENT POLES WERE OF MODIFIED 
DESIGN, GIVING GREATER STRENGTH. 
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city streets the Sunnyside Yard section, were provided with double 
cross-arms, strain insulators, and dead-end clamping device which 
was designed attach the power wires securely the structure. 

the Hackensack River the power line rises sharply, one 
span, the top the high towers, and required special insulating 
attachments. Each power wire, passing over the steel cross-arms 
the tower, carried saddle supported nest four standard 
line insulators. The saddle provided with special six-bolt clamp, 
and its wire groove curved prevent sharp bending. 

The 2000000-cir. mil direct-current feeders, addition 
similar clamping saddle, have auxiliary butterfly clamp each side, 
about 2.5 ft. from the saddle and attached thereto adjustable rods. 

The high-tension signal power circuits the Manhattan Transfer 
Yard are carried line latticed steel poles, extending from 
the Harrison Sub-station the Passaic River, Newark. 

Signal Lines.—In addition the present signal circuits through 
the yard, and feeding the New York Division the Passaic River, 
the pole line arranged carry the future two 3-wire, high- 
tension, power circuits. 

Long Island Railroad Pole Lines—In Sunnyside Yard the Long 
Island Railroad traction power line was re-located through the yard 
and rebuilt from the arrester-house Dutch Kills Street, Wood- 
side Avenue, distance 8510 ft. The poles are the latticed 
steel type, with straight lines, conforming design the original 
pole line which part. The cross-arms are yellow pine, 
resting shelf angles, and the attachments the arms are made 
U-bolts avoid boring holes the timber. 

Sunnyside Yard the signal power circuits are carried from the 
tunnels, line light steel poles, connection with the Long 
Island Railroad pole line near Thompson Avenue. These poles are 
composed three main members, which are half cylinders 
rolled high-carbon steel, fastened together transversely with ties and 
spreaders. 

Two high-tension circuits are carried across the South Yard from 
the Long Island Railroad pole line Auxiliary Sub-station “A.” 
The system the yard placed poles similar 
design, which also carry the fire-alarm and yard-lighting circuits. 
Table contains additional data all pole lines. 
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Quite independently the general character the traction system, 
was felt that considerable experimental investigation was needed 
decide the type electric locomotive suitable for handling heavy 
main-line trains. Therefore special “Locomotive Committee” was 
appointed the President investigate existing designs and develop, 
experiment, otherwise, suitable locomotive for the exacting con- 
ditions the proposed service. This Committee consisted 
Gibbs, General Superintendent Motive Power, Pennsylvania Lines 
East, Crawford, General Superintendent Motive Power, Penn- 
sylvania Lines West, Vogt, Mechanical Engineer, Pennsylvania 
Railroad, and the writer, Chairman. 

result the work this committee, two locomotives were 
designed and built Altoona 1905. They were put service, and 
given continuous trial the Long Island Railroad, hauling freight 
and passenger trains, and the tests continued for many months. These 
locomotives are the double-truck type; the trucks are linked together 
their inner ends and the outside ends are used for attachment the 
train drawbar. This arrangement running gear has since been 
adopted other roads for slow-speed electric locomotives. Each the 
four axles carries electric motor, one locomotive having geared and 
the other gearless motors. 

These locomotives were designed for maximum speed about 
miles per hour level, with normal train, that time was 
intended confine the terminal electric operation the haul through 
the tunnels from the west portal Bergen Hill, New Jersey, 
the yard Long Island City. Practically all this portion the line 
heavy grades and over short distance only, and 


slow speed 
would conduce economy and would not prohibitive 


time 
consumed. Subsequently, was determined extend the terminal run 


Harrison, J., the west, and possibly Jamaica the east, 
involving level stretches about miles each end. Hence be- 
came necessary adapt the locomotives the higher speed conditions 
normally obtaining main-line operation. Accordingly, the two loco- 
motives under test were modified electrically permit maximum 
speed about miles hour. Tests with these machines had demon- 
strated their hauling power and successful operation the slow speed 
for which they were originally designed, but when speeded was 
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found that they became quite destructive track. speeds greater 
than miles per hour they developed tendency side sway- 
ing and the production excessive lateral pressures the rail heads. 
Such peculiarities steam locomotives, with low-hung boilers, 
course, were not altogether unknown railway engineers, but they are 
intensified locomotive, where the power applied with 
extreme compactness, and where convenient method motor attach- 
ment concentrates great weight around the axles; also, where not 
only possible, but generally most convenient, utilize all weight for 
adhesion. Fig. Plate CII, shows the motors and running-gear, and 
Fig. Plate view articulated electric locomotive. 


SPECIAL TRACK TIE AND REGISTERING DEVICE 
FOR LOCOMOTIVE TESTS. 


18. 

order bring out more fully the elements design affecting 
tracking, was determined institute series road tests, record- 
ing, far practicable, the comparative lateral rail pressures vari- 
ous speeds with various types steam and electric locomotives. 
special recording apparatus (Fig. 18) for the purpose was devised and 
placed stretch tangent track the electrified portion the 
West Jersey and Seashore Railroad. complete series tests was 
made, and, from the information obtained, the mechanical characteris- 
ties the design the locomotive built for tunnel operation 
were determined. During 1910 this test apparatus was again installed, 


this time section the Terminal division track, and the new 
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locomotives were tested thereon check their actual with their ex- 
pected performance. The test was made over length 165 ft. 
special track carried cast-steel ties, having chairs near their ends 
for holding the rails. The chairs rest rollers seats the ties, and 
allow for free lateral motion outward the rails, except restrained 
the pressure-registering device each tie. This device the 
form plug carried guide the chair-seat casting; one end 
presses against the side the rail head and the other carries 
hardened steel ball which placed contact with strip plate 
steel. Proper adjustment for gauge made before each run wedges 
between the plugs and rails. Any side pressure the rail from the 
wheel flanges locomotive moving over the track causes the steel 


RIDING QUALITIES LOCOMOTIVES 
WITH RESPECT TRACK TANGENT 


Steam Locomotive, Aue rican 


Depth of Inpressions 


19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 G1 63 65 67 69 71 73 75 77 19 
Tie Number 


Fie. 19. 


balls press into and indent the steel-plate strips. The diameter the 
impression, when measured micrometer microscope, indicates the 


magnitude the side pressure, the location the maxima, and the 


tendency the locomotive “nose” oscillate. Typical samples 


the records obtained along this track section are given Fig. 19, one 
showing normal record from steam locomotive the Atlantic type; 
another, from the original design electric locomotive, and third 
from the adopted type electric locomotive. The tests were conducted 
show the free-running characteristics the locomotives speeds 
high 94.6 miles per hour with steam locomotive, and miles 
per hour with locomotive. 

test the pressure individual wheels curves, especially 
affecting behavior taking switches and turn-outs yards, hydraulic 
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ELEcTRIC LOCOMOTIVE, SHOWING MOTORS AND RUNNING GEAR. 
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Fic. 2.—ARTICULATED ELECTRIC LOCOMOTIVE. 
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apparatus devised Mr. George Fowler was used. With this device 
the side pressure each flange measured connecting 
short section one rail through system levers hydraulic 
cylinder and its pressure-recording device. From experience obtained 
the service tests three different types electric locomotives, and 
the results the special track instrument tests, was decided make 
quite radical departure from general practice the final design 
the high-speed locomotives for the terminal equipment. attempt 
has been made pattern the locomotive mechanically the funda- 
mental characteristics modern steam locomotive design the fol- 
lowing particulars: 


(a) High center gravity the machine whole, and es- 
pecially the heavy electric motor portion; 

(b) The large proportion the total weight spring-borne, and 
equalized system having considerable amplitude motion; 

(c) unsymmetrical distribution wheel-base the locomotive; 

(d) combination driving and carrying wheels. 


DIAGRAM ELECTRIC LOCOMOTIVE, 


ighest Pos’n-Air On, 


30" Dial. 
| 


—Oi' 


Between Coupling Paces 


Fia. 20. 


All the above characteristics, was thought, would conduce ease 
riding, flexibility tracking, and the reduction destructive 
action the roadbed heavy masses moving high speeds. 

accomplish these results, required important modification 
the customary method mounting and connecting the electric motors; 
instead being placed with the plane the axles, and 
direct-mounted geared them, they are placed the main frames 
above the wheels, and driving connections are made with rods. The 
diagram, Fig. 20, and the photographs, Plate CII, show the general 
features the design and the principal dimensions. The locomotive 
double, articulated, each half being similar “American” type, 
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eight-wheeled steam locomotive, the wheel arrangement, frames, 
and running gear. These halves are permanently coupled back back 
drawbar and equalizing buffer connection. Each half has its own 
cab, and carries above the frame one series-wound motor, having 
inter-poles and divided main-field winding. The large space available 
for the motor enabled its design liberal all parts, and its loca- 


tion makes the entire motor accessible for inspection. The motor shaft, 


axle, carries quartered cranks which are connected rods 
cranked jack-shaft set between the frames and having its center the 
plane the driving axle center. From this shaft, rod connections are 
made the wheels, steam locomotives. All moving masses the 
rods and cranks are revolving, and are susceptible accurate counter- 
balancing. The system adopted for motor control enables one motor 
out service and the locomotive operated emergency 
the remaining motor; also, two more locomotives may coupled 
together and operated single unit. The division the fields into 
sections for manipulating the field strength, gives four, instead the 
usual two, running positions the speed controller, and thus, also, 
economizes current during acceleration. 

Special attention has been given the arrangement control and 
other apparatus the locomotive cabs enable all parts readily 
accessible for inspection and adjustment, such electrically-driven air 
pumps for brakes and control, sanding devices, contact shoes 
for the third-rail, overhead pantagraph shoes, sleet-scraping devices for 
removing ice and snow from the third-rail, automatic train stops for 
applying the brakes and shutting off power case over-running 
signals the tunnels, The locomotives are also equipped with 
boilers for steam generation electrically heating the water the 


boiler supply the steam-heating system the trains. 


fixing the capacity the locomotive, the probable maximum and 
average train weight was established, and the unit was designed for 
the most economical distribution equipment for the Terminal service. 
obvious that short run the condition starting train from 
rest and accelerating the tunnel grades fixes the maximum train 
which can hauled, rather than the limitation motor capacity due 


the heating. The maximum weight train hauled one 


locomotive under the given conditions was specified 550 tons trailing 
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load; the actual capacity, however, intermittent service, has ap- 
proximated 700 tons trailing. 

sample locomotive this design was built, placed under road test 
October, 1909, and run 000 miles continuous test, with train 
400 tons trailing; also, complete dynamometer-car tests were made 
the hauling capacity, speed, and motor characteristics. The detailed 
design the mechanical portion these locomotives was made the 
Motive Power Department Altoona, and the running gear and cabs 
were built complete the Juniata shops. 

speaking this development, not out place refer 
the part taken the Westinghouse Electric and Manufacturing Com- 
pany, the contractor for the electric apparatus the locomotives. From 
the first this company not only co-operated with the Committee all 
needful respects furnishing suggestions and information, but built 
its own expense the electrical portions the first two electric locomo- 
tives, and subsequently complete locomotive another type, all 
which placed the disposal the Committee for service and other 
tests. 


The principal dimensions, weights, ete., the adopted type loco- 
motive are: 


Weight per driving axle.................. 750 
Weight each 4-wheel truck............ 57500 
Total weight complete 310000 
Rigid wheel-base each half............ 


Total wheel-base each 
Total wheel-base locomotive........... 
Diameter 

Diameter truck 
Height from track top cab.......... 


The weights not include the electric steam generators for train 
heating. The tractive effort per locomotive 000 for min., and 
50000 for min., 12000 800 amperes, all with full field. 
One the conditions was that the locomotive was start and accel- 
erate 550-ton train, addition the locomotive, the 1.93% maxi- 


mum tunnel grade, and, with 550-ton train level tangent track was 


attain speed miles per hour. Each locomotive was have 
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steel frames. 


Weight each motor complete with cranks. 


electric and steam locomotives. 


Height center gravity from track......8 ft. 
Top motor frame above cab 
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two direct-current, field-controlled, inter-pole, series motors, with cast- 


Table comparison the centers gravity and the weights 


TABLE 15.—Comparison AND STEAM LOCOMOTIVES. 


000 Ib. 


13 
91 
“16 


Papers. 


in. 


Experi- 


> > 
truck electric. type, 
electric steam. steam. 


Total weight (excluding tender), pounds. 


195 140 310 000 176 600 138 000 
Height center gravity complete 
motive, from rail. incbes............... 42.5 63.75 
Height center gravity running gear, 
Percentage weight running gear 


*Includes weight motors. 


TELEPHONES AND TELEGRAPH. 
Telephones. 


The telephone system comprises complete installation for official 
and public uses, and was planned jointly the Telegraph Department 
the Pennsylvania Railroad Company and the New York Telephone 
Company. 

Official Equipment.—The official equipment provides for service be- 
tween the various Departments the Terminal Division and the 
Long Island Railroad. consists main private branch exchange 
switch-board having trunk lines the Telephone Company’s genera! 
exchange system; tie lines other private branch exchanges 
various offices the Railroad Company New York and other cities; 
extension lines the various offices the Terminal and Long Island 
Railroads the Station Building; and special switch-board for 
Information Bureau the Station, which calls from the fo: 
information arrival and departure trains are received 
answered with the minimum delay. 
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The main private branch exchange switch-board the Station has 
capacity 1000 lines. equipped initially for 520 lines, the fol- 
being connected the present time: 


Trunk lines Telephone Company’s central exchange; 


Tie lines the Railroad Company’s offices New York and 
Philadelphia 


Magneto extension lines the Signal Cabins and Yard Build- 
ings; 
260 Battery extension lines for offices the Station Building. 

The board arranged for operators, with all connections multi- 
ple; connects with monitor boards, varying capacity from 
lines, and located the Power-House, the Sub-stations and the 
Signal Cabins. signal cabins where there more than one board 
they are multiple, that one all them can used respond 
the calls. The Train Dispatcher, having selector bell-ringing cir- 
cuit, may call any one the interlocking cabins without calling the 
others, may call them all multiple, and talk all the same 
time. 

vided for direct calls through these switch-boards from outlying points 
the Terminal Railroad, such the signal bridges the Meadows 
Section, and from each signal the tunnels. all, 140 points the 
railroad are thus provided with magneto-sets. 

Tunnel tunnel sets have been especially designed 
placed conveniently and compactly the tunnel walls above the side- 
benches; they consist magneto-sets special moisture-proof cases. 
key with each set permits its connection any one four cir- 
cuits extending through the tunnels; one the main private branch 
exchange switch-board, second the Power Director’s monitor- 
board, third the interlocking cabin controlling movements the 
section question, and fourth spare. There are these sets 
average about 1500 ft. apart the tunnels. addition the 
four circuits above mentioned, there fifth circuit each tunnel 
which are connected number loud-ringing gongs for signalling em- 
ployees, who may called the nearest telephone, code signal. 

Pay-Station Service; New York Telephone Company.—The pay- 
station service three kinds. First, the standard service, where 


patron makes call from booth; this handled through switch- 
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boards and booths the main waiting-room, the sub-waiting-rooms, the 
exit, and the Long Island 33d Street concourses. Second, restaurant 
pay service, where patron makes call from table while dining. 
Third, train pay-station service, which call may made from 
telephone train standing station platform. For this latter 
purpose there are receptacles convenient points under the platforms, 
and flexible cable used for connecting receptacles the car. 

the main switch-board the Station, four 
cables, 30-, 50-, and two 15-pair, paper-insulated, lead- 
covered cables, are run the yard and tunnel conduit systems the 
Hackensack Portal. From terminal pole this point open copper 
wires and 40-pair cable are carried the concrete pole line over the 
Meadows Division Harrison Sub-station. These lines pass under the 
Hackensack River submarine cables. From Harrison Sub-station, 
connections are made the New York Division lines Philadelphia, 
and through “GY” interlocking cabin Jersey City; also the cabins 
Manhattan Transfer yard. All open wires are No. and No. 
gauge, copper, and are transposed the poles frequent inter- 
vals. The cable lines are No. and No. 16, gauge, copper 
wire. 

Eastward from the Station, 15-pair cable runs each the four 
tubes, and one tube (No. 110-pair cable runs the Long Island 
City shaft, which point divides run the main power-house 
and Sunnyside Yard. Sunnyside Yard complete service pro- 
vided the various yard buildings and interlocking cabins. The New 
York Telephone Company’s cable connections are made with the Chelsea 
Exchange, through brought out telephone manhole 
Eighth Avenue, near 31st Street, and, addition, two ducts the East 
River Tunnels have been leased the Telephone Company for service 
Long Island. 

for the switch-boards throughout supplied the 
Telephone Company from their City Exchange, but the telephone- 
operating current obtained from storage batteries charged motor- 
generator sets the Station, converting 440-volt alternating 24-volt 
direct current. 

The the pole-line wiring, and the tunnel sets were installed 
the Chief Engineer’s Department, and the switch-boards and instru- 
ments the Telephone Company. 
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Telegraph. 

The telegraph system was planned the Telegraph Department 
the Pennsylvania Railroad; connects with the general system that 
Road and the Long Island Railroad, and includes, for the con- 
venience the public, Postal Telegraph Cable Company’s connections 
and offices the Station. 

main telegraph office the second floor the Avenue 
side the Station equipped with two-section, twenty-five lines 
each, double-jack switch-board, with the necessary lamp-receptacle resist- 
ance-panels the batteries. The power-room back the board, and 
comprises duplicate motor-generators, with batteries, for furnishing 
power the lines, the train describers, local sounders, and other low- 
voltage circuits. The board laid out for three 6-position telegraph 
tables, which two are now service, and the through wires from 
the various Pennsylvania Railroad and Long Island Railroad offices 
connect with them. These wires are used for messages, train reports, 
and general information. separate board also provided the 
Station Master’s office, and consists one 12-circuit, single jack-board 
and 4-position table. 

order reduce the number telegraph offices the Station 
and yard, the pneumatic tube system, elsewhere described, connects 
with the main telegraph office, which messages may sent for 
transmission. For the use the heads the Departments the 
Station, message-call service, consisting 50-needle, individual, 


set-back annunciator, has been installed the main telegraph office. 


was first planned conduct train movement telephone, but 
after due consideration, account the new operation involved, and 
the fact that was desired select experienced “block” men, who were 
telegraph operators, from the existing portions the railway system, 
was thought best provide them with telegraph block wires, 
which means the Chief Train Director could hear all orders over the 
circuits. relief telephone block circuit, however, provided over the 
Meadows Section, used when the telegraph block wires are busy, 
when repairmen wish communicate with each other between inter- 
locking cabins. 

Allied and supplementing the telegraph system, instruments 
called “train deseribers” are used the interlocking cabins from 


Newark, J., Winfield, Long Island. They constitute mechanical 
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telegraph system, registering disks dials different train designa- 
tions and routes. instrument has sixteen disks, for many 
designations, and one set instruments used for in-bound and 
another for out-bound movements. 

Telautograph System.—For the purpose transmitting messages 
orders written form matter record, supply advance 
information train movement simultaneously various offices and 
interlocking cabins, the Gray telautograph system, with transmitting 
and receiving stations, has been installed the Station. The 
transmitting instruments are the Train Dispatcher’s office, the 
main interlocking cabin (“A”), controlling the west throat the 
terminal yard, and interlocking cabin (“B”) controlling Long 
Island Railroad movements. Instructions special train make-ups, 
changes destination platforms, are thus given all parties 
interested, with minimum loss time. order certain that the 
message received, answer-back system provided; this operated 
push buttons and bells the receiving stations and needle 
annunciator the transmitting station. Electric power operate the 
telautograph and systems furnished from the motor- 
generators the main telegraph 


SIGNALLING. 


the rapid movement and safe control trains over the Division, 
and especially the Station yard, are essential the regular and 
safe operation the railroad its required capacity, the switch and 
signal system was made unusually complete. The general requirements 
were laid down the “Joint Operating Committee,” through Sub- 
Committee Signals appointed it, for the purpose giving the 
question the necessary detailed study. This latter committee consisted 
Messrs. Rudd, Signal Engineer, George Fowle, Consulting 
Signal Engineer, Krick, Superintendent, with the writer 
Chairman. general contract was entered into with The Union 
Switch and Signal Company for the manufacture and installation 
the system, under the supervision Mr. Spangler, Supervisor 
Signals, the Chief Engineer’s Department. 

Yard physical conditions surrounding the Station 
yard are exceptional the following respects: 
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(a) The yard practically underground, and the view from trains, 
and the tower operators, obscured numerous yard 
structures and building columns; 

(b) Clearances, both overhead and side, between the trains and 
structures are very limited, and the space available for the 
installation signals and apparatus restricted; 

(c) The character and extent the train movements required the 
realization the fullest capacity all track facilities, neces- 
sitating the greatest freedom for simultaneous parallel move- 
ments; 


(d) The complexity the track plans and the presence yard 
service facilities, such the piping system for steam, air, and 
water, drainage and traction conductors and conduits, re- 
quired that the signal appliances should mounted special 
foundations, and that control wiring should run perma- 
nent and accessible shape conduit system. 

account these conditions, was found necessary divide the 
control the yard movements between four different power-operated 
switching cabins; one near the west end the yard, for movements 
from the North River Tunnel portals Eighth Avenue; one near, and 
east of, Eighth Avenue, north side, for the important tail switching 
for Long Island Railroad suburban trains; one the Seventh Avenue 
portal the 33d Street Tunnels, where the yard tracks are gathered 
into groups leading into two the East River Tunnels; and one 
similarly located under Seventh Avenue the throat the 32d 
Street Tunnels. These cabins, each controlling only part the yard, 
required certain amount interconnection insure rapid and com- 
plete movements the yard, result accomplished partly electric 
locking between cabins, partly light indicators the track models 
the cabins, show how the tracks between them are occupied and 
when trains are approaching, and partly central communication 
telephone, with the Train Director. 

The interlocking machines comprise means for obtaining positive 
control all signals the actual position the switches which they 
govern; the automatic control signals track conditions advance 
them, and the position the next signal which the 
impending train movement leads; the automatic locking all switches 
every route the entrance trains these routes, and the auto- 
release switches immediately the rear train passing 
clear the fouling points. They, further, include means for giving 
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visual indications the operator every act train physically 
locking and releasing the levers controlling switch and signal opera- 
tions; means for permitting the joint use all tracks for traffic 
either direction between adjacent cabins co-action towermen and 
track circuits; the automatic announcement trains their approach 
the terminal station through the various tunnels, and the delineation 
their movements from block block through the tunnels, indi- 
cators each cabin adjacent the tunnel portals. 

Tunnel tunnels, elsewhere shown, involve train 
movements over heavy grades, high speed, and the minimum safe 
interval, condition which led the adoption automatic block 
signalling with overlaps the same length the block sections; 
other words, two-indication block which “proceed” indication 
requires that two sections shall “Caution” indication 
must show that least much track the foregoing. 
The length the sections variable, depending the grade and 
maximum train speed the point question, being made 150% the 
length which stop can made the application the brakes. 

each block the tunnels “track stop” installed apply 
the train brakes automatically should danger signal over-run. 
The closest headway which trains can run normal speed, there- 
fore, the time required pass over two block sections, corresponding 
about min., and restricted speed under caution signals, one 
block, about min. 

“Lock and block” control has been provided between the Station and 
the Long Island approach the East River Tunnels, that, neces- 
sary, any one the four tunnel tracks can operated the reverse 
direction. The North River tunnels have the same provision, with the 
addition signals for following movements. The grades are 
such that the spacing signals for reverse movements could not 
the same for movements the normal direction traffic, and, 
account this, there was considerable complication putting the 
signals for certain direction out commission and those for the 
opposite direction in, and changing the control the stops 
make them effective the right time. 

Meadows Meadows Section the road (Plate 
has been equipped with automatic block signals, according the same 
principles those for the tunnels, without track-stops. Complete 


reverse-movement signalling has been provided for each block. 
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the Hackensack River, midway the section, the drawbridge has been 
provided with the usual interlocking bridge and signal appliances, and 
the cross-overs between tracks the east approach the bridge, 
that reverse movements may originate either east west from this 
point. 

Outlying Manhattan Transfer, where the interchange 
steam and electric power, and the Rapid Transit connection 
Jersey City and the down-town district New York, are made, two 
very complete interlocking plants are provided, con- 
trolling all main-line switches from the Passaic River the separation 
the New York and the Terminal Divisions the east end (Plates 
CIII and CIV). These interlockings required considerable complica- 
tion circuit work permit high-speed operation through the yard 
with sufficient advance information for the control movements. 

Sunnyside Yard (Plate CV) four interlockings were required, 
two for main-line movements and from the tunnels and for the Long 
Island Railroad movements through the yard, and two for switching 
the yard proper. 

Type “Rudd and Rhea” has been 
adopted for the signal arms and lights. signal consists 3-position 
arm combine the functions two signals having but two positions 
each, with the movements the arm from horizontal vertical 
through the upper quadrant. The fact that the signal automatic 
conveyed pointing the blade for day indication and fixed 
light underneath, staggered position, for night indication. 
locking signals are multiple-arm, with end and vertical lights; 
the top arm for high speed, the second for limited speed, and the lower 
one, dwarf signal, for low speed. the Station yard (Plate CIV) 
one-speed signalling only used; that is, high-speed arm permits 
movement the highest permissible speed and lower “calling-on” 
arm provided for use only when “proceed” indication cannot 
given the normal (or upper arm), for movements the storage 
yard stub-end tracks. 

Because the absence daylight conditions the tunnels and 
the covered portion the Terminal area, the use signals having 
arms for defining their positions became secondary importance, and 

this fact, coupled with close clearances encountered, prompted the 
total elimination the arms from all block signals the tunnels, and 
from all but the ground dwarf signals the Station area, the indi- 
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cations being given entirely lights. This signal contains 
mechanism other than that required for changing the colors sta- 
tionary lights such manner reproduce the same colors and 
combinations called for changes position semaphore signal 
under like conditions the controlling currents. The signals are cast- 
iron receptacles carrying colored lenses, behind which are located 
standard 4-c.p. incandescent lamps (two multiple for each lens), and 
the mechanism consists relays, housed separate shelters near the 
signals, the contacts which are adapted shift the current from 
lamp lamp, and thus change the colors displayed the relays are 
energized de-energized manipulation the machine levers, 
the action trains track both. These relays 
operate A.C current the signal cireuit the track rails, and 
are some cases the pneumatic pin type actuated A.C. motors, 
where connected the track-stops, and others the straight A.C. 
type where signals alone are controlled; both types have multiple con- 
tacts, numbering from two fifteen, occasion requires. 

3ecause the difficulty obtaining ample clearances and suitable 
supports for semaphore signals the yard, and order maintain 
uniform type signal within the Station area, special hooded lenses 
and lamps high candle-power are used the “lamp” type signal 
these exposed places, and are found give effective indication for 
the possible range observance. Elsewhere the line, outside 
the terminal and tunnels, this form signal would not prove satis- 
factory because the higher speeds and longer range observation 
required; therefore, the semaphore type used the open line. 

Circuit control all signals, block interlocking, 
secured automatically track circuits. the Station yard various 
functions were required these circuits permit the most flexible 
train movements under the obscure physical conditions. They may 
classified follows: 


(a) Cireuits used substitute for detector bars; 

(b) Cireuits for switch and signal control; 

(c) Cireuits for route locking, where trains passing home signals 
electrically lock, advance, the levers all switches over 
which they are pass, and release the levers for subsequent 
movements when the point clearance the switches has 
been 

(d) Cireuits for indication the track models the cabins. 
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addition the above, secondary circuits are provided for signal 
control lever position, advance signals, adjacent towers, and 
the Train Director through the calling-on arms. 

The track circuits are maintained the rails used for the return 
current the traction system, and must, therefore, selective 
character, operative under all conditions, independent the presence 
the propulsion current. This latter the “direct” type, and there- 
fore the signal-control current was made the “alternating” type, 
acting upon relays which respond only this particular kind cur- 
rent. Continuity the rail circuit for the propulsion current main- 
tained the end the switch-control sections through copper induc- 
tion bonds, which allow the heavy propulsion current pass without 
material hindrance, and choke back the alternating current sufficiently 
maintain the required difference potential operate the 
signal relays. the three yards, one rail only used for the return 
propulsion current, the other being given for the signal-control cir- 
cuits; this practicable and economical because the very high carry- 
ing capacity the numerous rails the parallel tracks, but elsewhere 
the main line and the tunnels, all rails are used for the propul- 
sion return and for the signal operations well. 

Interlocking Machines and interlocking machines 
are the well-known type. The control these 
machines through the various track and other circuits above mentioned, 
the number relays much beyond those required the 
usual simple interlocking plant, and also requires generally number 
contacts each relay. Thus, relays are required for: approach 
locking, and are the yard type; the same type 
relay for the single-rail track circuits connection with the locking 
between cabins and the train-starting system; relay, with mul- 
tiple contacts, for selective and route locking the cabin machines; 
relay for the light signals; and relay for control the 
signals through the actual position the switch points. 

small cabinet placed over each interlocking machine which, 
the presence light back number, the same the number 
the switch lever, number and letter for signal levers, shows when 
switch levers are unlocked and when signals can cleared. elec- 
trically-operated track model also provided. This miniature 
reproduction the tracks, switches, and signals controlled the 
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plant, the switches being automatically moved the routes are set up, 
and the occupancy successive block sections through the tunnels 
being shown small lights the sections the model. Train de- 
scribers, consisting with dial and push button, for announc- 
ing departure trains between cabins; telautographs transmit 
special instructions the Train Dispatcher towermen; telephone, 
telegraph, and train-starting system instruments, are all provided 
the Station yard cabins. 

Power.—Compressed air used for the mechanical operations the 
interlocking plants, for the track stops the tunnels, and for the sig- 
nals the Meadows Section. Electric power operates the control cir- 
cuits for interlockings, track stop control, block signals the tunnels 
and yard, and signal lights the Meadows. 

The main air supply from the Street Service Plant, and 
relayed compressors Sunnyside Yard and from the New York 
Division plant the Meadows Shops. 

The piping system consists duplicate parallel lines the Station 
yard and line each tunnel, with for emergency. 
The pipes are run the subways under the yard tracks, and the side 
the tunnel benches, and are accessible throughout. 

The electric power from the general auxiliary power system, else- 
where described, the generators, shown, being relayed two different 
power plants. The current single-phase, 60-cycle, alternating, dis- 
tributed 2200 volts, from special switch-board the Service 
Plant. All mains are duplicate, and are independent those used 
for other purposes. the yard and tunnels the mains are rubber- 
insulated, lead-covered cable, run conduit system; the Meadows 
and outlying yards, they are bare copper, placed the high- 
tension power pole line. the signal cabins and signals, 
transformers are provided for stepping down the main current from 
200 220 volts for the systems. This 220-volt current further 
stepped down, special transformers with double secondaries, 
volts for the track cireuits, and volts for the signal lamps and 
other apparatus using current. each interlocking 
small motor-generator converts the 220-volt, 25-volt C., 
supply the relays and electro-pneumatic valves. storage bat- 
tery, charged the motor-generators, maintains constancy the cur- 
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Manner the complexity the Station 
yard track plan, caused the presence traction appliances, service 
piping, ete., the installation all switch and signal apparatus and cir- 
cuit work has been made permanent and accessible possible. All 
groundwork foundations are concrete, and wires are run fiber 
conduits set The subways under the tracks, and the high 
station platforms, provided convenient and accessible space for the air- 
pipe runs, for large part the wiring system, and for housing the 
instruments their proper locations, that, while the quantity 
apparatus and wiring the yard very great, felt that all parts 
the system can reached for ready inspection and repairs. 

Table summary the various interlocking plants and the 
movements controlled. 


TABLE MoveMENTs. 


NuMBER LEVERS: 
ZL Switches | Signals. | Traffic. | Spare. | Total. 
3 17 | 13 0 17 | 47 


The number relays required for the operation Cabin “A” 
900, and the total number for all cabins 2600. The total length 
signal wire used was 1530 miles. 

ORGANIZATION. 

The organization for carrying the work the writer’s Division 
was developed primarily for designing and later for construction 
well. 

Committee Work—The committees Pennsylvania Railroad 
operating officers formed the nucleus for the early and general deter- 
minations, and, the work progressed, passed upon general plans and 
operating methods, submitted them the engineering organization. 
Thus, all stages the work, the general officers the road were 
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touch with the Terminal developments, gave valuable advice, and fixed 
its operating characteristics. The most important Committees were: 


Yard Committee; determining capacity, train move- 
ments, the Terminal, and developing track plan; 

Station Committee, formed consider the building 
plans regards the needed operating facilities, sizes the 
different rooms, 

Third—An Operating Committee, determining tunnel size, signal 
system, and general operating facilities. 


These committees had Richards, Am. Soc. E., Chief 
Engineer Maintenance Way, Chairman, and other important 
operating officers members. Subsequently, these three committees 


were merged into Joint Operating Committee, with Mr. Richards 


Mechanical and Electrical Advisory Committee, with 
Ely, Am. Soe. E., Chief Motive Power, Chair- 
man, formed pass upon the power-system machinery and 
other matters mechanical nature; 

Locomotive Committee, consisting the General Super- 
intendents Motive Power, Lines East and West Pitts- 
burg, the Mechanical Engineer, and the writer Chairman; 
develop suitable design electric locomotive; 

Signal Committee, acting Sub-Committee the 
Operating Committee; 

Seventh.—Other special committees, such for Sunnyside Yard, 
with Mr. Sheppard, General Superintendent, Chair- 
man, report particular subjects required. 


order present these committees, from time time, plans 
and information regarding the work, the writer was made member 
each. 

Division Organization.—The actual work design and construction 
was carried out Divisional organization, under the Chief Engineer 
Electric Traction and Station Construction, who was executive 
charge all work described this paper, and who reported for ap- 
proval plans, for authority incur expenditures, and carry out 
the work, Samuel Rea, Am. E., First Vice-President 
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the Pennsylvania Railroad. The work this department consisted 
of: designing, both directly and supervision the plans 
architects and outside engineers employed contract; 2d, construction 
first hand; and 3d, administration all construction contracts. The 
manner executing only the most important separate sections the 
entire work can referred here any detail. 

The first the Station Building. The design this structure was 
entrusted Messrs. McKim, Mead and White, Architects, who co- 
operated, through the Chief Engineer, with Westinghouse, Church, 
Kerr and Company, the engineers selected design the steel frame- 
work. The building construction was the George Fuller Com- 
pany, percentage contract, executed through special field organ- 
ization the Architects, under Mr. Daniel Webster, associate 
member the firm, acting General Superintendent. This field 
organization was sub-divided into Superintending and Inspecting, Time 
and Material Checking, Auditing, and Contract Divisions. The General 
Superintendent reported the Chief Engineer for authority incur 
each separate expenditure under the main and sub-contracts the 
Fuller Company. 

The second section that miscellaneous outside engineering and 
construction. This was entrusted Westinghouse, Church, Kerr and 
Company, under percentage contracts, allowing such latitude seemed 
fit the Railroad Company selecting the best manner prosecuting 
the work. Under this arrangement the above organization supple- 
mented the staff the Chief Engineer much important engineering 
work, furnishing the designs for the street bridging and viaducts, the 
the Station Yard, the machinery for the interior 


services the Station Building, and the Main and Service Power- 


houses, well other miscellaneous engineering advice. They, 


further, executed certain construction work, from time time 
authorized, notably, the power-houses and the interior services the 
Station. This construction was administered similar manner 
that the Station Building, through field office under George 
Caldwell, Am. Soe. E., General Superintendent Westinghouse, 
Kerr and Company, and reporting the writer. 

The third section covers the designing and construction work done 


the Chief Engineer’s department. This, general, in- 
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cluded the determination plans and reports the Management, the 
design and construction the traction and auxiliary power systems, the 
installation machinery the sub-stations, the Sunnyside Yard and 
tunnel facilities, and twenty-eight buildings various points 
the railway; also the laying and ballasting, through the Division Super- 
intendent, all tracks (except west the Hackensack Portal), the 
erection, contract, thirty-six buildings, and supervision the 
installation the signal system. 

The departmental construction was under the direct charge Mr. 
Hugh Pattison, Superintendent Construction, and his Assistant, 
Mr. Edwards, and included the simultaneous prosecution 


great variety work the shortest possible time, and many 
instances under exceptional difficulties. 


The electrical designing work was charge Mr. Spalding, 
Electrical Engineer; the buildings and structures, Mr. Coombs, 


Structural Engineer; and the signal system, Mr. 


Spangler, 
Supervisor Signals. 


The inspection materials and machinery 
process manufacture, and work under construction, was 


entrusted Mr. Boggs. The trackwork was installed Mr. 


Krick, Superintendent, with his divisional organization under 
Mr. Leiper, Division Engineer, and Mr. Skillman, Super- 
visor. The general accounting was charge Mr. Bell, Chief 
Clerk the Chief Engineer’s office. Hill, Am. E., 
Assistant the Chief Engineer, was specially charged with the details 
the engineering, construction, and inspection work whole. 

Number Men Employed.—The following data will perhaps 
interest, connection with this extensive work: 

Average office force employed designing and supervising 


work the Architects’, Engineers’ and Chief Engi- 


272 
Average force for inspection 
Average field force (workmen) for last two years: 
Westinghouse, Church, Kerr, and Company.......... 1100 
Maximum number men engaged simultaneously work 
Average number for the last two 7641 
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CoNTRACTS. 


The Terminal Division construction, herein described, involved the 
execution more than 100 formal contracts for the important separate 
sections the work, aside from upwards 100 000 orders, given the 
usual manner, for miscellaneous materials. The contracts were made 
forms approved the Legal Department the Road. The follow- 


ing contractors supplied important machinery and furnishings: 


Company. 
Ammonia Manufacturing Company. 
Air Company. 
Nordberg Manufacturing Company. 
and Wilcox Company. 
Brick (courts and driveways).....Harbison-Walker Refractories Com- 
pany. 


and enamel)......Sayre and Fisher. 


Centrifugal pumps..... Iron Works Company. 

Brunswick, Balke, Collender Com- 
pany. 

Cabinet work and interior trim...Sloane and Moller. 


Cabinet work.. 


Copper (bare).............American Steel and Wire Company. 


Column (Station Building)J. and Cornell Company. 
Clocks 


machinery......... Electric and Manu- 


facturing Company. 
Fuel Economizer Company. 
and Anderson Manufactur- 
ing Company. 
Elevators (Station Building).....Otis Elevator Company. 
(Sunnyside Yard).....Albro-Clem Elevator Company. 
Lamp Company. 
Escalator Company. 
Exeavation (Terminal Yard, and 
erection viaducts)........New York Contracting Company. 
Electrie light fixtures...........Edward Caldwell and Company. 
Frogs and switches..............Pennsylvania Steel Company. 
Fire-alarm apparatus............Gamewell Fire Alarm Telegraph 
Company. 
Fireproofing Company. 
Company. 


. 
. 


Fire-proofing ........ 
Garbage destructor 
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Gate-operating device...........Burdett-Rowntree Manufacturing 


Company. 
Granite Brothers Company. 
Inspection: Structural steel......William Webster, Am. Soc. 
Insulated cable..................Standard Underground Cable Com- 
pany. 
Kalamein wood frames and and Moller. 
pany. 
Kitchen equipment............ ..Duparquet, Huot and Moneuse. 
Locks and hardware............. and Corbin. 
Lifts (baggage and passenger)....Standard Plunger Elevator Com- 
pany. 
Lathing and plastering (Station).H. Miller, Inc. 


Miscellaneous Shipway and Brother. 


Marble Company. 
Consolidated Store Service 
Company. 
Ornamental ironwork (Station)..Hecla Iron Works. 
“ “ 


Browne and Donald. 
Oil-handling system, Sunnyside 


Paint (for structural steel)......Toch Brothers. 
“ “ “ “ 


.Detroit Graphite Company. 
Plumbing fixtures...............Sanitas Manufacturing Company. 
Pumps (Power-houses)..........Epping-Carpenter Company. 

...The Heisler Company. 


(Tunnels)..............Union Steam Pump Company. 
.Interstate Pneumatic Tube Com- 
pany. 
Pipe and Mattison Company. 
Power-house construction and Sta- 
Company. 
Radiators (Station Building)....American Radiator Company. 
Refrigerating machinery.........Brunswick Refrigerating Company. 
Refrigerator Lorillard Refrigerator Company. 
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Roofing (skylights).......... 


Ventilator Company. 
“ 


Seats (Station Building)........Brunswick, Balke, Collender Com- 
pany. 


Structural steel (Station Build- 
ing and viaducts)........ 


Bridge Company. 
Steel poles 


Company. 

Station Building (General con- 
tractors) 


..Kerite Insulated Wire and Cable 
Company. 

-The Union Switch and Signal Com- 
pany. 

York Safe and Lock Company. 


Steel lockers and and Company. 

(ticket 

equipment) ...... General Fireproofing Company. 

Steel fencing (Sunnyside Yard)..Wayne Iron Works. 
Spiral mail chutes...............Otis Elevator Company. 
Telephone Waterbury Company. 


Electric Company. 
Train National Indicator Company. 


Tower foundations (Hackensack 
River transmission Stillman and Company. 


Westinghouse Machine Company. 
Umbrella sheds (Sunnyside and Stuart. 


Ventilating fans (for tunnels)...American Blower Company. 
Vault and Vinton. 


Chapman Valve Company. 


Yard 
and signal cabins)...........John Ferguson Company. 


Conclusion.—The writer, concluding this lengthy, but inadequate, 


portion this great terminal construction, desires 


7 
7 


express his obligations very many persons, the officials the 
Pennsylvania Railroad Company, his staff, and many others. feels 
unable this adequately, but the following names should 
specially mentioned: The late Mr. Cassatt, President, whose 
extraordinary foresight and grasp detail due the Tunnel Extension 
and Station accomplished fact, substantially detail had 
approved years before its construction; Mr. Samuel Rea, First Vice- 
President, the Executive direct charge the entire project for which 
had labored for many years, and whom the writer under 
special obligations for support and confidence his efforts; 
County, Am. E., discharging his varied duties 
Assistant the First Vice-President connection with the work; the 
Directors the Company, and its President, Mr. James McCrea, who 
continued and financed the great work; and the other 
who take possession the completed project and assume the responsi- 
bility making commercial success its operating and traffic rela- 
tions. The writer also indebted the members the Pennsylvania 
Railroad Committees, for valuable assistance, among whom are: 

Mr. Richards, Chief Engineer, Maintenance Way. 

Mr. Ely, Chief Motive Power. 

Mr. Wood, General Passenger Agent. 

Mr. Sheaffer, Superintendent, Passenger Transportation. 

Mr. Patterson, Superintendent, Freight Transportation. 

Mr. Ralph Peters, President, Long Island Railroad Company. 

Mr. General Superintendent, Long Island Railroad 
Company. 

Mr. Zollinger, Engineer, Maintenance Way. 

Mr. Gibbs, General Superintendent, Motive Power. 

Mr. Crawford, General Superintendent, Motive Power, Lines 
West. 

Mr. Vogt, Mechanical Engineer. 

Mr. Rudd, Signal Engineer. 

Mr. Fisher, Superintendent Telegraph. 

Mr. Johnson, Superintendent Telegraph. 

Mr. Booz, Principal Assistant Engineer, Branch Lines. 

Mr. Sheppard, General Superintendent, and his staff, 
practical assistance many operating details. 
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The Division Superintendent, Mr. Krick, and staff, for eon- 
stant and helpful suggestions the design, and for assistance con- 
struction work. 

The Architects, Messrs. McKim, Mead and White, especially Mr. 
Symmes Richardson, that firm, and Mr. Webster, for able 
and cordial 

Messrs. George Fuller Company, Mr. Ganson, General 
Superintendent, for efficient Station Building construction. 

Westinghouse, Church, Kerr, and Company, and especially Messrs. 
Francis, Caldwell, and O’Brien, that Company, for expert advice 
and assistance great variety engineering and construction work. 

Mr. Shepard, Special Representative the Westinghouse 
Electric and Manufacturing Company, for helpful assistance. 

The many Contractors, for the complete and prompt carrying out 
their obligations. 

And, lastly, the staff the writer, especially Mr. Hill, Chief 
Assistant, Mr. Hugh Pattison, Superintendent Construction, Mr. 
Barker, Resident Engineer, Mr. Spalding, Electrical Engi- 
neer, Mr. Coombs, Structural Engineer, Mr. Newman, 


Engineer, and Mr. Bell, Chief Clerk, the faithful performance 
arduous duties. 
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MULE-BACK RECONNAISSANCES. 


engineers who have had experience with the mule, which 
possesses the intelligence the horse and all the stubbornness the 
burro, the title this paper may seem somewhat ludicrous, but, 
with all his capriciousness, that animal has proved himself capable 
and useful member surveying parties Central America. may 
that the writer has been absent from highly civilized countries too 
long keep touch with current literature, but has never heard 
the mule being used the manner described this paper. 
Roconnaissance work, far the writer knows, has never been 
reduced exact science. railroad work the old and experienced 
engineer usually sent out make the reconnaissance, and this 
does walking riding over the country. his experience can 
tell whether not line possible, his eye trained measure 
cuts and fills, estimate the cost bridges, and judge curvature, 
ete. the United States can usually obtain map the country 
from the Geological Survey, but Central and South America, and 
other countries which may said the first stages develop 
ment, maps are not obtainable, are very inaccurate. 


papers are issued before the date set for presentation and discu 
sion. Correspondence invited from those who cannot present the meeting 
and may sent mail the Secretary. Discussion, either oral written, 
published subsequent number Proceedings, and, when finally closed, 
papers, with discussion full, will published Transactions. 
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The railroad mining engineer who sent the Tropics 
report the feasibility railroad line the opening mining 
concession, disembarks from the steamer little port, and there 
confronted the wilderness. The company which has sent him out 
cannot allow him sufficient time make geodetic map the country. 
must get his information quickly and return home with his 
report. all lines business and engineering there fixed 
relation between the degree accuracy required and the work itself. 
the reconnaissance survey the mule fixes that relation. 

There should two engineers the party; one could all the 
work, but two can observe more and make the work move more 
quickly. The instruments required are two small aneroid barometers, 
pocket prismatic compass (or plain pocket compass which may 
read 5°), wrist strap holding cheap watch reading seconds, 
geological hammers, notebooks, pencils, ete. The work may done 
with one barometer, but two are carried may prevent the delay 
caused going back pick known elevation one barometer 
meets with accident has been jumped few hundred feet. 

Naturally, the barometers carried should capable recording 
the highest elevation which will observed, and they should read 
the nearest ft. The geological hammers are necessary, they aid 
determining the character the rocks, and this may great 
value the railroad engineer. For example, certain rocks, when 
exposed the elements, disintegrate easily and cause serious slides 
during the rainy season. Then, too, soft rock the banks rivers 
likely eroded the course ten years, thus making necessary 
re-locate the line. Central America the writer has seen the 
results such mistakes location, the cost maintaining such 
road being enormous. 

Before leaving sea level both barometers should read every half 
hour for several days. This can commenced the steamer while 
route. Central America the barometer reading normal 
From that time until about the readings will increase. 
This illustrated Table which shows typical barometric readings 
they are normal; noon they read ft. high; and they 
have reached the maximum reading for the day. 


sea level the normal reading Barometer No. was 660 ft., 
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796 MULE-BACK RECONNAISSANCES Papers. 
that is, its constant was —660; and the constant Barometer No. 
was —310. Applying the necessary corrections, the figures the 
columns headed “Barom. No. and “Barom. No. indicate the 
number feet subtracted from readings taken throughout the 
day the trail. course, areas pressure the atmosphere cause 
changes several hundred feet, but reading the barometers the 
end day’s journey and again before starting the next morning, 
the change can detected. The writer’s experience has been that 
when heavy change occurs takes days reach its maximum 
and about the same time return normal. not very much 
consequence catch these changes while the party moving, the 
difference rarely amounts ft. day. the average daily journey 
miles, and for much the time miles, ft. per mile 
would not noticed. Using the table corrections, the writer has 
checked the barometric heights very closely day’s journey (within 
ft. the elevations printed the time cards some the 
railroads Central America). When elevation 5000 ft. above 
sea level reached, when the party makes change location 


TABLE 1.—BAROMETRIC CORRECTIONS. 


| 

Time. Corr. No. No. Remarks. 
7% + 15 — 645 — 295 level = 660 ft. 

10 — 15 | 675 — $25 

11 — 40 TOO 350 

12 N 55 715 — 865 
12% P. M. — 60 720 370 

1 65 — 725 875 

2 ~ 75 735 BR5 

246 80 } 740 — 390 

745 395 

735 385 


order obtain some idea the rate which mule travels, 
advisable ride him over measured distance 600 ft. 
his natural walking gait. The writer’s experience has been that the 
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average mule travels mile per min. ground varying from level 
slope 10° from the horizontal. moderate hills will 
make possibly mile per min. steep slopes may make 
only mile per min., and certain steep trails Guatemala the 
writer has had allow only mile per min. Usually the 
rates and mile per min. will suffice for the slopes 
generally met. The figure for jog trotting would about mile 
per min. 

the duty the engineer who carries the watch record the 
mule’s rate, indicated the sample page notes (Table 2). 
order approximate closely first, well select with the eye 
point 100 ft. ahead stump, tree, clump grass), and note 
the number seconds required the mule traverse that distance. 
table can readily made, showing the number seconds required 
travel 100 ft. the various rates, and can kept the back 
the notebook. The time should recorded whenever the rate changes. 

The time also noted when certain prominent topographic features 
are passed, and when the course changed, but not closer than min. 
The notes and explanations Fig. sample page the notebook, 
illustrate the method carrying the work. The notes are recorded 
lead pencil the engineer who rates the mules. the left page 
(Table records the time, rate, azimuth compass course, and the 
readings the barometers. the right page (Fig. sketches 
the country far can see, and also makes note the geology. 
Notes regarding the compass and the geology are made the second 
engineer. Whenever calls out change the course, the first 
engineer records it, together with the time. course, the notes are 
very crude and difficult make out, and therefore they must put 
order and inked immediately after stopping work each day. 

The sample notes show that Engineers Dawson and Millard left 
the hotel San Felipe 7.31 going the rate mile per 
min. The elevations were compared, and checked within 
ft. The course taken read 20° the compass. 7.33 the 
course changed 10°, and the last street the village was 
passed. 7.37 the grade became steep enough change the rate 
mile per min., and the same time the course was changed 
0°, ete., ete. 


The figures the column headed “Dist.” represent the fractions 
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miles traveled each course, and are deduced for the purpose 
plotting the notes. The corrected barometric readings are written 
red ink (in italics the sample reproduced). 
TABLE 2.—RECONNAISSANCE, SAN FELIPE QUEZALTENANGO. 
Dawson. 
Mule back 909. 


| 
Time. Rate. Dist. Barom. No. Barom. No. 


| | 3340 3000 


1/30 


Started. 
Stopped. 


1/40 


290° 


634 


330° 2725 


or 


x 


| 800° 


2 


| 

| 


0° 


350° 


3165 2815 
M..... 1/20 20° 


20 2520 2530 


The accuracy this method surveying surprising. The writer 
has had the opportunity check his work with geographical maps. 
and found discrepancy when plotted the seale mile the 
inch. reconnaissance from Quezaltenango Chiantla, Guate- 
mala, and back Quezaltenango, circuit miles was made. 


six hours the first day out rained hard that penetrated 


| 25 
| | 
| | | 
| 
Ag 20 wo | 
| 
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Pieture 


About 


3300 


San 
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oil-skin slickers worn the party. The trail was very mountainous 
and the was used frequently. The error closing was only 
mile, and fell within the limits the town site. The compass read- 
ings were seldom taken closer than degrees. addition, the 
survey was plotted with topography extending and miles 
either side the trail. Owing the scarcity heavy brush and 
timber Guatemala the topography could sketched very well, but, 
even Nicaragua, where the brush very thick, shots may taken 
prominent peaks and ranges hills, and, when plotted, furnish data 
much more reliable than the memory. 

The crude map thus produced certainly helps the railroad engineer 
eliminate routes for preliminary surveys, which might otherwise 
undertaken, and the mining engineer can easily reduce order the 
mining, prospecting, and other geological information. 

The cost such reconnaissance not greater than that 
survey depending eye and memory only. The party must penetrate 
the country, and whether travels canoe, foot, mule back, 
the cost taking notes the form described herein nothing. The 
information obtained, however, may such warrant discon- 
tinuing all work, thereby saving money which might have been spent 
further surveys more substantial character. Under the right 


conditions, essentially the survey for the engineer who has 


mind the proper relation between time and money. 
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SOME TESTS LARGE STEEL COLUMNS. 


Discussion.* 


Am. Soc. E.—The general facts shown mr. 
Mr. Howard’s valuable paper are that the columns tested satis- 
factory manner the limit the material, and then one 
failed suddenly. The tests the others were not brought con- 
clusion. 

The details the action, under the test loading, the plates 
and angles composing the column sections, are brought out clearly 
the measurements and the accompanying reasoning and explanations, 
but the reason for the failure, unit stress approximately represent- 
ing the limit, not brought out, and yet the most im- 
portant result the test that the column did fail that limit. 
true that the practical value compression members, parts 
structure, ceases the elastic limit the material, the same 
way as.the practical value tension members ceases this limit, 
and that, for all purposes “sectioning,” the limit the 
material should govern, and not the ultimate strength; but, far 
the designer who proportioning the several members 
structure, probably equally true that him the utmost 
importance develop the design and detail all compression mem- 
bers the same tension members, that wholes they not only 

This discussion (of the paper James Howard. Esq., published Proceedings for 
February, 1911, and presented at the meeting of April 19th, 1911), is printed in Proceedings 


in order that the views expressed may be brought before all members for further 4 
discussion. 
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act consistently the elastic limit the material all their 
detail, but hold out against ultimate failure, wholes, the last 
possible limit. The columns tested Mr. Howard evidently did 
not this. 

Bearing mind the fact that the test columns were duplicates 
actual bridge posts connected the trusses through gusset- 
plates and riveted joints, for which purposes they were probably origin- 
ally proportioned, and that their change pin-connected posts was 
only for the purpose making these tests, still appears that, even 
for this purpose, the pin bearing was insufficient, for would 
naturally much exceed the elastic limit the material, locally, 
the pin bearings and the plates and details their attachments, 
the time the limit was reached for the sections the post; 
and less than this limit can hardly have been contemplated the 
tests. The proportioning the pin bearings and attachments cor- 
responds practice, represented most the specifications, but 
one the points which most the specifications seem 
inconsistent and invite bad details and overstraining. 

The feature which most distinguishes the make-up the columns 
from the usual design their cellular construction, the two sides, each 
consisting plates and angles forming channel shape, being stif- 
fened and connected transverse frames short intervals, which 
made them competent, evidently, permit the development strains 
the elastic limit the section the columns, without material 
deformation, and without calling any measurable degree the 
lacing, which was unusually light. this light lacing—or its 
stead, the absence continuous longitudinal diaphragm—the speaker 
attributes the cause the early failure the columns crippling 
near the elastic limit. long the strains were within this 
limit, and the material maintained its full resilience, the transverse 
diaphragms were sufficient and the cellular posts acted properly and 
normally. What there was lacing was not called upon for action; 
was neutral condition and practically free strain, the 
tests showed; but, when the elastic limit was reached and the ma- 
terial beeame more unstable, was ready for deformation and needed 
stiffening hold the two sides the column shape. Then the 
lacing proved insufficient, and the column collapsed sooner than 
should have done. bridge post, was not proportioned bring 
out its highest possible resistance overload, even though acted 
consistently and well within the limit. 

The speaker also questions the propriety the assumption fact 
that steel compression has the same elastic limit and yield point 
steel tension. probably proved sufficiently true that the 
modulus elasticity the same for both plus and minus straining, 
but the speaker believes the elastic limit and yield point for steel 
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compression less average 20% than for steel tension. 
This has been his experience making compression tests, which, how- 
ever, were carried without the use fine instruments, and for 
general information only. The Bureau Standards and Mr. Howard 
readily settle this point for the benefit the Profession. 
While the speaker fully appreciates the value the information 
contained this paper, would consider this value lie more the 
elucidation the behavior material under compression, generally, 
than the development facts bearing the proper proportioning 
columns. connection with the general proportioning columns 
and compression posts, the speaker believes: that the more column 
deviates from the general form and properties closed circle 
square, the less ultimate resistance will possess; and that the radius 
gyration has meaning there not sufficient shear connection 
between the masses which determine its value. this amount 
necessary shear connection, when the resiliency the material be- 
comes unstable, which column tests are hoped furnish ultimately. 


Leon Am. Soc. E.—This paper treats the 
most important problem the day statical engineering. The 
strength and behavior large steel columns under load matter 
which vitally affects the safety structures and the economy their 
design. The results tests five large columns, each having cross- 
sectional areas about sq. in., made and reported testing 
engineer Mr. Howard’s ability research work, unusual oc- 
currence, even progressive American engineering practice. 

true that the number members tested was small, and not 
sufficient enable engineers derive rules for practical guidance 
the wide field column application, yet the minute attention paid 
the behavior the columns when tested, and the extensometer observa- 
tions taken many individual portions the member, make these 
column tests especially valuable; the tests were not quantitative, but 
qualitative. 

The paper full dormant suggestions, and contains the elements 
for few possible studies. regretted, therefore, that the 
stress-strain diagrams the material the plates and shapes used 
building the columns (Plates XIX) not impart the in- 
formation they are apparently intended convey. The lines purport- 
ing represent the stress-strain diagrams the tested specimens 
not seem drawn any scale. The speaker has tried establish 
the seale which these curves were plotted, but has failed completely. 
What purpose these forty more curves serve they not convey 
the reader graphical picture the relation strain stress? 
The value the information presented the paper sufficient 
warrant drawing the stress-strain curves the component material 
the columns correct scale. 
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would also interesting know what meant these diagrams 
the “corrected zero line.” 

The compressive strain, stepping down from pin-plate web, 
was found the author from 0.001 0.002 in. greater than that 
observed the web. developed perfectly elastic behavior, and 
disappeared with the removal the load. This may rationally ex- 
plained the following considerations: The pin-plates, when per- 
forming their function and transmitting pressure from the pin 
the web the column, means the rivets attaching them 
the web. The rivets, transmitting the reaction the web, are 
subjected shearing strains and bending deflections. The pin- 
plate itself, distributing the pressure from the pin the rivets, 
subjected flexure, and will develop its greatest deflection the 
middle line, where the strain was observed. These three strains will 
combine cause greater displacement the edge the pin-plate 
the middle line than that due the compressive stresses alone. 

attempting evaluate numerically the pin-plate strains the 
following figures are obtained: The total load the column was 
800 000 one-half each jaw. The portion transmitted—on 
the assumption uniform distribution—by the outside pin-plate 
the web was 82000 There being rivets provided for this pur- 
pose, each rivet carried 2100 3040 Ib. per sq. in. Taking the co- 
efficient elasticity the rivets shear the displace- 
ment the pin-plate, relative the web, due the shearing distor- 
tion the rivets, becomes 0.00025 in. The displacement due the 
flexure the rivets was only 0.00005. The greatest deflection the 
pin-plate, however, due its action distributing beam, becomes 
0.00118 for coefficient elasticity and depth 22.75 
in. measured the middle line. The total strain the pin-plate 
other than that due direct compression becomes, therefore: 


Due shearing strain 0.00025 in. 

0.00148 in. 


or, say, 0.0015 in. This the average the excess the observed 
strains. 

Evidently, the computed strain generally sufficient explain 
the increase strain observed the tests. probable, from the 
indications the observations made, that, with the metal surround 
ing the pin reaching higher stresses, the flexure the pin-plate 
considerably enhanced, and that was due the observed strain 
The effect the rivet distortion may neglected secondary 
importance. These figures are used merely illustration 
only show relative values. 
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the deflection the plate inverse proportion its moment 
inertia, and the latter varies with the cube its length, the 
importance long pin-plate becomes apparent. mere increase 
length pin-plate from its present 27.25 in. in. would result 
increase its moment inertia the middle line 2.5 times, 
and corresponding decrease its deflection. The latter would then 
reduced 0.0005 in. 

Without going into refined computations, the pin-plates the col- 
umns appear the eye experienced detailer insufficient 
length; nothing less than in. should have been used. 

Passing from details, and considering the results the author’s 
tests Steubenville, together with those other tests made recent 
years, one arrives the inevitable conclusion that the ultimate re- 
sistance well-built steel column near the elastic limit its 
component materials. pure compression member can reasonably 
expected develop greater resistance. 

the stress-strain curves the column, shown Fig. the 
author presents bluntly the gradual development sets characteristic 
built compression members which have been exposed the various 
methods manufacturing and shop practice. The question logically 
arises: Where the practical elastic limit There 
being definite point where the laws proportionality cease, 
practical limit, based past experiences, should adopted, which 
would allow, within the “elastic limit” defined, certain percentage 
the total shortening the column set. Any excess set 
would then considered beyond the “elastic The main 
value such conventional ruling would furnish basis 
comparison with tension members. 

these days discussions lacing bars, interesting and 
instructive find that the strains observed the author the lacing 
the tested columns were insignificant. perfectly 
straight column, subjected axial load, needs but little lacing, 
long remains straight. Inequality the elastic behavior 
the material insufficient require heavy lacing. Assume 
the extreme condition that the coefficient elasticity one channel 
24000000, and that the other 36000000, which values are 
within those observed the author his specimen tests: 
stress 20000 per sq. in. section the column tested, the tie- 
plates alone would able equalize the unequal resistance the 
channels with shearing stress 3500 lb. per sq. in., and, together 
with the lacing bars, with stress about 1500 per sq. in. 

The straightness column, however, relative term, and here, 
again, inquiry needed what would passed good inspec- 
tion “straight” column, and how much deviation from straight 
line would have allowed meet the contingencies every- 
day practice. 


Mr. 
Moisseiff. 


~ 
7 


Mr. 
Moisseiff. 


Mr. 
Carpenter. 


806 TESTS LARGE STEEL COLUMNS 


The results thus obtained would furnish data, which 
practical column formula could established, which would allow 
for possible variations the coefficient elasticity, reasonable lack 
straightness, shop inaccuracies, and unavoidable deformation 
transportation, and, the same time, would furnish rational basis 
for design column lacing. 

Meantime, before such inquiries have been made, engineers will 
have use their judgment the proper stresses allowed 
columns, and their reduction for increasing lengths. may stated 
here that, during the last two years, the Department Bridges, the 
City New York, has been using its work, for columns axial 
compression, three-quarters the stress allowed tension members 
and properly reduced. Thus, where 16000 per sq. in. was allowed 


direct tension, 000 was used members compression. 

Am. Soc. E.—These tests and the record 
thereof, common with some others recently published, are far 
advance, their scope and completeness, those which the 
edge column strength has heretofore been based. They are not 
merely determination the load required produce failure the 
weakest part, but are searching study the strain action the 
columns their various parts and the metal therein, under moderate 
stresses and under increasing stresses failure, and all the results 
are expressed definite measurements. They show wonderful ad- 
vance the science testing, and the Profession congratu- 
lated that Mr. Howard has given his attention the column 
problem. 

The speaker proposes discuss this paper mainly from the view- 
point bridge design. 

very recent date, the design these columns would un- 
doubtedly have been considered beyond criticism. Under some very 
modern but widely used specifications, however, some the details, 
such the pin-plates, respect their length, and the lacing, would 

The specifications used the speaker’s practice require least 
one full-width pin-plate each segment extend the far edge 
the stay-plate, and the others some distance beyond the near edge. 
The pin-plates the columns described extended about in. beyond 
the near edges the stay-plates, which were ft. in. long. 
speaker’s specifications would not for such long stay-plates, but 
would require one set pin-plates in. longer. The 
the pin-plates may more clearly realized, perhaps, when 
understood that they had length only seven-tenths the 
the column segments. Except the matter length, they 


the requirements the specifications mentioned. The same specific: 
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tions require the lacing proportioned for shear, transverse 


the axis the column, equal 320 pounds, which 


the area the column section, square inches; 
the radius gyration the column section about 


axis perpendicular the plane the lacing, inches; 
and 


distance from the axis the column the extreme 
fiber, inches. 

lacing, with 2-rivet connections. The columns question had 
lacing, with single-rivet connections. 

The weakness the pin-plates was fully demonstrated the tests, 
and would appear that lengthening the plates would have strength- 
ened the columns. There was apparent weakness the lacing. 
must confessed that difficult see how heavier lacing could 
have reinforced Column No. the point where failure commenced, 
that is, how the buckling the web could have been retarded 
heavier lacing. 

The low values obtained for the strength these columns some- 
what surprising, spite the deficiencies the details noted. The 
speaker would have expected values from 15% higher. The 
values are greater than those which have been obtained from the 
average recorded tests wrought-iron columus structural dimen- 
sions. closer examination seems show that the explanation this 
Mr. Howard’s theory that the elastic limit the element which 
fixes column strength, and that column will not much stronger 
than the elastic limit the yield point the weakest component 
piece. The minimum elastic limit and yield. points recorded for the 
material these columns are lower than the ordinary similar limits 
for wrought iron the same dimensions. Viewed this light, there 
seems reason expect any greater strength from columns 
this grade steel than from similar columns wrought iron, although 
the ultimate strength the steel tension may much greater than 
that the wrought iron. 

the speaker Mr. Howard’s tests indicate that the usual working 
stress for bearing pins taken too high and should nearer the 
base constant the column formula used. 

The speaker believes that the influence form metal con- 
siderable determining the strength column. The columns 
question had nominally straight webs, more less injured, neces- 
sarily, straightening, punching, riveting, This form most 
easily deflected from straight line axial compression transverse 
pressure. Take the same metal and corrugate longitudinally, curve 
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and greater resistance compression might expected; 
Carpenter. words, could not yield readily. 

The point greatest interest and value these tests undoubtedly 
their bearing the safe working stresses for columns. Assuming 
that accept the lowest value for yield point specimen tests the 
material column the value for the ultimate strength short 
column whole, what safe working The curves Fig. 
show that the stress-strain proportionality begins vary from about 
000 per sq. in. upward. What the significance this? Does 
mean that repeated stresses above—even slightly above—those represent- 
ing the point divergence the stress-strain curve from the straight 
line (that is, about lb. per sq. in.) and below those causing im- 
mediate failure, would have caused ultimate Would constant 
stress any value above that amount and below the stress immediate 
failure have done the same? Or, does mean that the same curve 
would repeated indefinitely for loads applied and released and pro- 
ducing stresses nearly high those which were found cause 
The curves seem alike the characteristic gradual 
and even divergence upward from the straight stem, followed 
per sq. in. for Columns Nos. and and 000 for Column No. 
not probable that the load producing the stress of, say, 000 lb. 
per sq. in., had been removed and replaced, there would have been 
slight permanent set, and the second stress-strain line would have been 
straight and would not changed unlimited number repeti- 
tions this load? Until the meaning the stress-strain curve 
satisfactorily explained, seems the speaker that proper working 
values for design cannot derived from test values. 

Assuming that desirable place the safe working stress for 
stresses not higher than one-half the maximum average 
value which could repeated maintained without failure undue 
distortion, and assuming that this value was 25000 per sq. in. for 
the columns tested, working value 12500 would derived. 


The common straight-line formula, 000 would give value 
lb. per sq. in. for these columns. 

The speaker would again call attention the very soft grade 
steel some the column plates. Steel with higher yield point 
will give higher column strength, shown the tests Messrs. 
Dagron and Waddell, presented the Report* the Specia! 
Committee Steel Columns and Struts, this Society, 
test the Bridge model column with revised latticing. Th: 


latter test was medium steel column, with ratio 


Transactions, Am. Soc. E., Vol. LXVI, 401. 


TESTS LARGE STEEL COLUMNS 809 


The ultimate strength was 000 lb. per sq. in. the testing 
machine, the accuracy which has been proven Mr. Howard 
careful calibration. The stress-strain curve drawn the speaker from 
the published test results for the Bridge model column, shows 

order equalize more nearly the strength the tension and 
compression members structures, appears necessary vary 
the basic working stress the material, combine the two methods. 
the matter material would seem desirable grade the harder 
melts into the compression members and the softer ones into the 
tension members and, any rate, avoid getting material softer than 
the normal into the compression members. The variation the basic 
stress already appears many specifications. From the results these 
column tests and others recently published, and especially the stress- 
strain lines for the same, has been urged some quarters that the 
basic compression stress taken low 60% the tensile stress. 
This seems unwarranted. The average carbon-steel eye-bar, which 
the only form large tension member which there 
test knowledge, shows average yield point not much more than 
per sq. in., and necessary use the grade known 
medium steel get that. The speaker would balance the additional 
safety from the strength beyond the yield point tension members 
against the chance square break and the attendant disaster which 
could not occur compression member. Stress-strain records for 
tension members similar those published for columns should 
brought out and analyzed. The speaker has one for carbon-steel eye- 
bar which shows divergence from the straight line very similar 
that Column No. these tests, and about the same points. 

Engineers should not rush the opposite-extreme, this matter 
comparative working values; they need more tests like Mr. Howard’s, 
both compression and tension members, and more light the 
significance the stress-strain diagram. 

Branne, Am. Soc. E.—This paper interesting the 
engineer who trying get the inner workings large built-up 
column subjected steadily rising stresses; and the phenomena 
observed appear have been recorded most accurately, and such 
way that one result will help check another, many valuable lessons 
may learned. 

The steel used quite mild, having never more than 0.28 
earbon, and the impurities low. The ultimate 
strength appears rise, generally, with the increase carbon; but 
Melt 23982 forms exception, this the average fourteen 
tests shows lower value than for any other melt; its limit, 
however, high. would interesting the author would give 
the probable explanation for this lack uniformity behavior. 
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The action the pin-plates under moderate compression, not 
exceeding per sq. in. the body the column, interesting 
well characteristic. The pin-plates, together with the column 
webs, take the applied load. near the pin evident that the 
unit stress, while not uniform over plane normal the axis the 
column, plainly indicated the strains, locally uniform the 
pin-plates and column body, all receiving equally the stress from the 
pin, the surface the column, almost smooth body. Receding 
from the pin, the unit stress the column body will rise, due the 
transference the pin-plate stress through the rivets and friction. 
near the last rivets the pin-plate, this difference unit stress 
will have its maximum value; hence the web from the pin the end 
the pin-plates strained more than the pin-plates, and small dif- 


ference detected, indicating elastic motion the pin-plates rela- 


tive the web. 

Fig. Plate XX, indicates unit stress and while 
the web cannot stated measurement the same in., yet 
in. averaged 9600 When the test load was removed, this 
motion was reversed, and the set disappeared. may that when 
there are more and thinner pin-plates, this motion will smaller, 
the ideal condition would approached having just enough metal 
the pin-plates all points make the unit stress the same 
the body the column. 

The failure Columns Nos. and might have been pre- 
vented long diaphragm, with its web parallel the axis the 
column and reaching close the pin, thus minimizing the small bend- 
ing moments the two component parts the column, preceding the 
dishing, shown Plates XXIII and XXIV. 

Referring the action the lace-bars, the tests show that when 
the force applied symmetrically with respect the axis, rather 
coinciding with the same, testing machine, and with 
short and stocky columns, lace-bars, simply balancing the com- 
ponent parts, speak, and preventing any first set, are quite ample, 
even for column having two component parts such magnitude 
sq. in. each. 


Rights. 


This Society fortunate 
securing paper from man well versed the science 
testing metals Mr. Howard. examination the records 
tests show that was connected with all the important 
tests Watertown Arsenal, and that had charge the tests 
the eight large columns connection with the calibration the 
machine. recent paper, “The Pittsburg and Lake 
Railroad Cantilever Bridge Over the Ohio River Beaver, Pa.,* 
mention was made the determination stresses gauge measure- 
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These measurements are being made, under Mr. Howard’s 
direction, with gauges the same type those used the columns 
described his paper. 

The reader’s attention attracted once the size the col- 
umns. They are the largest ever tested failure, having cross-sec- 
tional area sq. in. Mr. Bland commended for the 
broad spirit has shown spending considerable sum money 
determine the character the under his direction. 
also congratulated being able secure the services Messrs. 
Buchanan and Howard, who conducted these tests, their experience 
guarantees observations show large number interest- 
ing features. hoped that other large users steel will 
follow Mr. Bland’s example, and that much may added the data 
steel columns. 

Passing many interesting features concerning the action the 
details under stress, one important thing the matter local strains. 
The author mentions three conditions which affect the results, namely, 
cooling strains, initial strains due straightening, and strains due 
punching and shearing. Engineers have long recognized these con- 
ditions, and, connection with columns, have endeavored assign 
some arbitrary value which will take account them. Moncrieff, 
Am. E., paper “The Practical Column Under Cen- 
tral Eecentrie dwells quite fully the subject. 

According the speaker’s experience, about 95% all the chan- 
nels and 60% all the angles which come from the average rolling 
mill have straightened after they are cold. Most the work 
done gag press, and evident that, order straighten 
member, small portion must strained beyond the 

limit both sides. The side which was concave has been 
tension, and the side which was convex has been com- 
pressed, that these two edges have been worked beyond the elastic 
limit, and have considerable amount initial strain. Now, when 
this material placed column, also evident that the com- 
pressed side has comparatively little resistance additional loads. 
This condition, course, probably only applies thin section 
the outside metai; nevertheless, weakens the column that amount. 

The initial strains produced punching the metal are not always 
recognized engineers. well known shop men that long 
angle punched both flanges will show considerable lengthening, 
due the punching, and, this not symmetrical, the piece will 
generally have straightened after being punched. The speaker 
has often had observe long channels, say, from ft., 
which were intended for columns, and were punched throughout their 
length both flanges. The punching tended elongate the channel 
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along the rivet gauge line. Naturally, the web, which contained the 
bulk the material, was not elongated, and the result was that the 
channels were bowed the extent ft. These channels had 
straightened before they could assembled, and evident 
that there was considerable internal disturbance the 
other feature punching the local disturbance the vicinity 
the punched hole. Some specifications call for the removal in. 
the metal around the hole reaming. This, doubt, does re- 
move the badly injured material, and smoothes out slight differences 
between the punch and the die. If, however, one takes the trouble 
rust the metal around the punched hole, the stress lines can 
seen running spirals away from it. probable that these stress 
lines not extend into the metal very deeply, but they indicate that 
engineers are not dealing with ideal material, and that the strength 
columns based number such which are not 
always fully recognized. 

Fig. shows the stress-strain curves for three the columns. 
will noted that the author has recorded seeming departure from 
the line proportionality about 20000 per sq. in. seems 
think that this due the various local strains which has 
mentioned, and which probably all columns. The speaker 
agrees with Mr. Howard, and believes that extremely delicate instru- 
ments could secured, these local adjustments would show even 
lower values than 20000 lb. does not consider, however, that 
this may interpreted mean complete departure from the elastic 
conditions these low stresses. Probably, the minor local condi- 
tions the component parts are adjusted, those portions which were 
tension take loads and relieve the compressed parts. 
The speaker believes that new set gauge measurements were made 
the column after had been stressed 000 per sq. in., the 
results the failures would longer apparent, and the 
would show strict proportionality about 27000 
000 which, indicated Fig. seems the yield point. 


express his sense obligation the author and Mr. Bland for 
the information contained this paper. 

The paper important for several notable reasons. throws 
light upon the relation large-sized tests small tests. the past 
many tests have been made small specimens, but the number 
large specimens limited that every additional one helps. 

Another point which, course, very prominent the paper, 
the extreme refinement observation which characterizes it. 
doubtful whether many measurements deformations have ever 
been made were made this particular instance. 

sure, many the results bear out what might have been 
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expected. the other hand, there are some which are quite sur- 
prising, and rather difficult explain; but they all tend show one 
important fact which apt overlooked, namely, that there are 
parts built-up member which are stressed far beyond the average 
stress. Engineers are apt think the stress applied the area 
the column section being uniform throughout. Considering the 
results these experiments, however, they must bear mind, that 
the distribution stress not uniform, but that the total stress 
divided the area, the average result means represents the 

Another important point shown the stress-strain diagrams, 
which clearly indicate the low stress which the proportionality 
between stress and strain seems lost. The exact explanation 
this may clearer after more tests have been made, though Mr. 
Howard’s analysis undoubtedly helps explain it. 

sincerely hoped that the author’s example will fol- 
lowed, and that others who have the opportunity provide full- 
sized tests will see their advantage the Profession. 

this paper the writer wishes express Mr. Howard and his 
colleagues the Bridge Department the Pennsylvania Lines West 
Pittsburg, his obligation for their contribution the very large 
proportion all the research work, record, bearing this subject. 

another occasion, discussing the compressive member, the 
writer said: 

“It subtle and illusive, and may side-step.” 

“Tt composite, and not homogeneous.” 

“No law written the proper relation and proportion its 

constituent parts.” 


Here will add: There clear and definite knowledge how 
get the greatest efficiency out the material used wrought- 
metal, composite, compressive member. 

Lest the writer should repeat himself, seems best refer his 
“Safe Stresses Steel 

Mr. Howard’s tests show ultimate strength compression only 
one-half the ultimate strength tension the same class material. 
assumed that the elastic limit tension one-half the 
ultimate strength, and that the rational working load one-half 
the limit, then the ultimate working load one-quarter the 
ultimate tension. the ultimate strength compression one-half 
the ultimate strength tension, and the limit com- 
pression three-quarters the ultimate strength compression, 
then the ultimate working load compression would three-eighths 
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the ultimate strength tension; that is, the working load 
compression three-quarters the working load tension. 

connection with Mr. Howard’s paper, seems well call 
attention the Progress Report the Special Committee Steel 
Columns and Struts,* showing results tests 263 full-sized 
members. These, with Mr. Howard’s five tests added, make 268 all: 


184 riveted iron members; 


steel homogeneous sections more (pipe and 


figures); and 
riveted steel members. 

The ratio the ultimate compressive strength (also the elastic 
limit pipe, and riveted-steel members), shown these tests, 
the ultimate tensile strength the material, indicated the 
diagram, Fig. 

The 184 tests riveted iron members are sense obsolete, and 
with the pipe and tests all—are useful 


index the decreasing unit value compression increases. 


The homogeneous tests pipe and are further useful 
showing the probable full the steel compressive member. 
interesting note that the pipe and plating, 
followed essentially the same line. 

riveted-steel compressive members, built parts riveted 
together—composite, not homogeneous—there are only tests, from 


The average ultimate strength compressive members, shown 


ultimate tensile strength; and from for riveted 
sections. 

The average elastic limit compressive members, shown 
Fig. relative tensile strength, for pipe and H-sections, from 
47%; and from 20% for riveted sections. 

This both interesting and instructive, because shows, for 
riveted members, only the elastic limit the homogeneous 
ones, that is, 65% efficiency—35% loss the composite riveted member. 
Considering that engineers, from the nature their work, are obliged 
use riveted members, surely desirable raise the efficiency 

Referring particularly the five tests Mr. Howard, 
interesting speculation query what would have developed if: 
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(a) The members had been exactly tested, except that twice 
many rivets had been used; 

(b) Same (a), but with twice many {-in. rivets (four times 
many {-in. rivets the member tested) 

(c) the members had been exactly tested, with same number 
rivets, but with the rivets increased in. diameter; 

(d) Same (c), but with double the number 1}-in. rivets; 

(e) the compressive members had been built four 
1-in. angles and two 1-in. plates, without diaphragms, 
rivets, the tie-plates, the same lattice, fact, the 
columns the same weight those tested; 

(f) The same (e), but with twice many {-in. rivets; 

(g) The same (f), but with double the number rivets 
(four times many {-in. rivets the member tested) 

(h) Same (e), with rivets, the same number the 
member tested; 

Like but with double the number rivets. 

This would give nine modifications, added the test already made, 
making ten; with five each class, equaling 50; and changes 
extending from 200, would require test pieces and tests. 

the length, breadth, thickness, and all component parts these 
pieces were one-eighth size, each unit would weigh each 
member described Mr. Howard, and safely concluded that 
the cost the material for the 1000, ready for the testing machine, 
would less than that the five units tested. 

The test member representing (e) would made 
rivets. For rivets would used. 

unfortunate that the Special Committee Columns and 
Struts has gone record indicating want confidence 
“Laboratory What laboratory test? The engineering 
press has called attention design structure wherein com- 
pressive member having cross-section sq. in. contemplated. 
Mr. Howard’s 90-sq. in. sections are essentially one-fifth this. 
some the tests reported the Committee the members are less, 
each the three dimensions, than one-third the dimensions 
other test members under consideration; hence member dimen- 
sion not laboratory test specimen because the Committee has 
recognized it. 

The smaller cross-sections the Committee’s report bear rela- 
tion the proposed section quite one-sixteenth for 
dimensions, that is, the Committee has recognized rational-sized 
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tests, members slight, compared with the member 


cross-section, that the weight unit each, with the same 


4096. The writer has suggested dimension Mr. Howard’s 
90-in. section. This would approximately dimension the 
smallest size the Committee has recognized. 

Does the Committee believe that there concealed about any en- 
gineer, knowledge the compressive member equal what might 
expected develop from 1000 so-called laboratory tests 
pieces along the lines indicated above? 

From what source have engineers gathered their knowledge the 
compressive member? Large numbers laboratory tests have been 
made small solids and small pipe, all homogeneous sections, which 
are largely the source all present knowledge the compressive 
member. The writer’s appeal that the research extended 
including tests large numbers composite, riveted, wrought, com- 
pressive members, which may handled 100000-lb. testing 
machine. 

The engineering schools have testing machines sufficient capacity 
handle the specimens herein indicated. They have ambitious pro- 
fessors and zealous students. With slight encouragement, the part 
the Committee, series tests could out which would 
give definite knowledge, and, the writer believes, would indicate the 
way which the efficiency could raised more than per cent. 

are noteworthy many respects, particularly that study was 
made the action the column its different parts loads below 
the ultimate. Tests destruction may not themselves have much 
meaning. The author also commended for his interesting and 
valuable discussion the data the tests. 

The writer not entirely satisfied with the conclusion that the 
limit the material tension has controlling influence 
the ultimate strength the column. Throughout the paper the author 
seems assume that length column does not affect the strength 
modify the distribution stress for any load. Although the trend 
evidence available tests that, within ordinary limits length, 
column action does not follow the law which assumed the deriva- 
tion the old column formulas, yet the consensus experimental data 
indieates that for ordinary lengths column there noticeable 
decrease strength with increase length slenderness ratio. 
Tests made the University Illinois also indicate that the effect 
length deformation greater the higher than the lower 
loads. How much the loss strength due increased oppor- 
tunity for non-homogeneity materials, non-straightness pieces, 
and non-integrity section cannot told. However, from the ex- 
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perimental data which are available, may expected that column 
the length No. will weaker than one half this length. 

limit material elusive thing, not easily defined, and 
the finer the measurement the lower the stress which set and lack 
proportionality stress elongation may found. The effect 
exceeding the elastic limit steel has not yet been determined. 
exceed the yield point any part structural member more 
serious matter; the distribution stress once modified, and 
larger stress laid other portions the cross-section. The 
measurements the tests were not numerous enough sufficiently 
distributed over the length and cross-section the deter- 
mine how much the maximum local stresses were excess the 
average stresses; but, although the column tested was very stocky 
section, seems almost certain that the average stresses must have 
been greatly exceeded places, even before the yield point the 
metal was reached anywhere. The passing the yield point locally 
may account part for the deviation the stress-strain curve from 
the straight line Fig. Such variation from the straight line 
found the test any built-up column. the writer seems 
that the evidence the tests, taken connection with phenomena 
elsewhere, indicates that the yield point the metal must 
have been exceeded different points the column loads below the 
ultimate load, and that the fact that the average stress failure was 
about the same the elastic limit the softest metal only coin- 
cidence. 

The author’s comment, connection with the increased intensity 
stress the vicinity the pin bearings, that “details construc- 
tion generally exert influence the behavior the member, and 
not infrequently modify the ultimate resistance materially,” worthy 
emphasis. Too often designers think the problem solved the 
mere provision sufficient metal, without any consideration the 
manner which the stress may transmitted and distributed. Be- 
fore pin-plate can transmit stress the web-plate, there must 
difference deformation the two plates, particularly there 
movement the pin-plate over the web-plate. there slip (and 
are judge from the tests the riveted joints, movement 
must have long before the full loads the columns were 
reached), then there will also deformation detrusion the 
rivets transfer stress from plate plate, and this transfer stress 
will take place those portions the pin-plate well away from the 
pin. The tests indicate that this movement the plates and detrusion 
rivets were present. They would also seem the cause the 
difference measurements, rather than any bending the pin. 

The writer glad that the author recognizes the effect time 
the action compression piece stressed locally beyond the 
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point. longer time were given tests short pieces, quite dif- 
ferent data would obtained. 

would have been interesting systematic measurements had been 
made various points along the length the column, and all sides 
the component members, ascertain the amount local wrinkling 
buckling and also determine the stress all lattice bars. 
would also add the completeness this excellent paper, the author 
would give record the permanent set found the columns. 


JAMES Am. Soc. (by columns 
were carefully designed, and, doubtless, carefully constructed; and the 
minor disturbing features, referred Mr. Howard due un- 


equal cooling, cold-straightening, probably would not reduce 
their resistance seriously whole. 


There are reasons for believing that when equals about 100, the 


resistance compression column, per unit its section, should 
approximately equal the elastic limit its material, and that 
columns having the same ratio length section those tested, 
should develop considerably exceeding that 
the elastic limit the material. the recorded resistance these 
columns fell the said limit, would interesting 
know how much, any, this was due insufficient area pin 
bearing. Mr. Howard intimates that this may have been source 
general weakness. Under the maximum compression the bearing areas 
for the pins were stressed much higher than the elastic limit the 
material, and probably nearly high its ultimate tensile strength. 

This excessive burden was the failure the 
ing pin-plates and the local disturbance these ends, and probably 
contributed toward the general failure Column No. Mr. 
Howard well remarks: 


“Regularity action limited stresses within, and ceases at, 
the limit, and when over-straining the metal locally 
general, the strength the column menaced.” 

McLure, Assoc. Am. Soc. (by intelli- 
gently made test large-sized, built-up, steel, compression members 
adds the all too scant knowledge their action; and the publica- 
tion the results these tests order that interested engineers may 
study them and draw conclusions therefrom, cannot too highly 
commended. The author has done great service adding the 
small information this subject. 

the five tests which form the basis for this paper, the average 
ultimate strength the columns, shown Table about 
29500 per sq. in. The average limit test specimens for 
angles and plates composing these five columns, taking the value 
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the angles 31% the total cross-section each column, about 
per sq. in. the elastic limit test specimen will 
usually run about 10% higher than that the full-sized piece from 
which cut, the average value for the elastic limit the material 
entering into these columns may taken about 000 per sq. in., 
which practically equal the average ultimate strength the 
columns. that point, these tests agree with those other full- 
sized columns which the writer has noted during the past three years, 
and, fact, has almost proved rule without exception that the 
ultimate strength any latticed steel column, with properly designed 


details, and ratio less than 60, about equal the elastic 


limit the metal composing the cross-section that column. 
evident, from several remarks the paper, that the author has 
recognized the influence the elastic limit the metal the ultimate 
strength the column. 

The number points covered the tests these columns, and 
the opportunity given, the numerous measurements local strains, 
study the detailed action the load throughout the member, make 
them doubly interesting, and emphasize the desirability establishing 
standard for conducting tests full-sized compression members, 
that the necessarily few tests made from time time, occasion 
requires, may grouped and tabulated for comparison. seems 
the writer that the era full-sized tests steel compression members 
just beginning. With the new testing machines now course 
completion, the apparatus available for making tests will stimulate 
interest them, and continuously increasing study the action 
built-up steel compression members may expected. seems, 
therefore, that the Society could further the value such future tests 
better way than recommending general standard method 
for conducting them, including the desirable observations made 
and other details which, adhered to, would bring all tests suit- 
able basis for comparison. doing, doubtless few years the 


old column formulas, based the ratio, replaced, 


least supplemented more rational ones applicable the various 
types built-up steel compression members. 

The author’s observations regard local strains are most 
interesting, particularly the agreement the actual with the theoreti- 
ratio lateral expansion direct compression. 

Each new test this sort only emphasizes the important and 
modifying influence details construction the final result, and 
this should serve incentive all designers spare effort 
working out details which, without atom doubt, will develop the 
full compressive strength the member. 
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The influence initial strains, referred the author, one 
which cannot readily taken account design, except allowing 
sufficient margin ultimate strength over working load. Annealing 
may times resorted to, but the elastic limit the metal thereby 
reduced, which reduction might more serious than the presence 
local zones Punching, shearing, straightening 
shapes while cold, and other manipulation the steel during fabrica- 
tion and erection—including the use drift-pins—are all necessary 
evils the present state the art, the effects which will always 
uncertain. numerous tests, similar those recorded this 
paper, however, may hope gradually increase our knowledge and 
better our results, and the writer wishes again emphasize the 
importance conducting such tests according definite standard, 


and publishing the results for the benefit the Engineering 
Profession. 


valuable paper, presents detail the actual strains com- 
pression members under load, and emphasizes the sources their 
weakness. 

The writer believes that the column formula will eventually take 


account the imperfections which really exist built members, 


stresses material due manufacture, 
Second.—Variation strength component parts section, 
Third.—Crookedness component parts, 
Fourth.—Crookedness whole member, 

Fifth.—Local stresses due details and shop work, 
Sixth.—Accidental eccentricity, 
Seventh.—Deflection caused the foregoing imperfections. 


These items, with one two exceptions, have been covered 
Mr. Howard’s tests. 

Referring the variation strength the component parts the 
section, seen that Table the author has given the elastic 
limits the shapes composing the section (it regretted that 
did not give the actual location these various pieces the 
section). Column No. assumed that the pieces lower 
elastic limit are grouped one half-section condition which might 
exist), the resisting axis 0.178 in. removed from the center 
gravity. Column No. excellent proportions, and the eccen- 
tricity due this item small; still, the idea that perfectly straight 
compression member with the load applied the center gravity 


develop definite bending moment, independent important. 


can readily seen that latticed channel column with varia- 
tion elastic limit would have high eccentricity. 
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The writer heartily accord with the author the statement: 

accepted that the elastic limit has controlling influence 
the ultimate strength column (as believed have), then 
variations from 27% this value, witnessed the tests 
the metal these plates and angles, would overshadow those con- 
siderations which find expression empirical formulas for strength, 
and take account such features.” 


The suggestion remedy designing work, however, would 
assume the existence variation the elastic limit between the 
two halves section, locate the resisting axis, and provide for this 
bending moment. 

curious that the author makes note the condition 
the specimens with reference crookedness. also strange 
find that standard specifications simply require that such members 
shall straight and true. fact, however, that they are not 
straight, and the writer believes that limit departure from 
straightness should specified. Those charge one the leading 
testing bureaus state that commercial columns, ft. long, fabricated 
under the best conditions, have very seldom less than in. kink 
bend them. The fact that Column No. failed the one-third 
point, instead the middle, leads the belief that there may have 
been kink near that place. 

The item, local stresses, interesting. The author’s investigation 
shows the importance good details. However, the statement that 
there contractile force 30000 lb. per sq. in. for riveting 
not accord with the writer’s experience, for has noted cases 
heavy structural members, inspected and passed the shop 
competent men, which number rivets have worked loose during 
shipment. This would seem indicate that the rivet tension was 
strained beyond the limit, that the contractile force would 
much less than the author has 

The writer understands that the investigation with reference 
the stresses lattice bars was made the middle the column 
length. Although these bars may help distribute the load, 
limited degree, and also tie the sections together, yet one their 
main functions carry the transverse shear produced any bend- 
ing moment the column, which shear zero the 
would interesting know how these stresses vary toward the ends. 

The writer believes that the investigations described this paper 
will great aid the development column formula. may 
may not agreed that the six items cited the writer produce 
mysterious bending moment columns; however, limit for 
variation the elastic limit—-degree straightness—can defined 
believed that formula including the moment caused 
items would approximate working conditions. 
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discussors has mentioned the desirability more delicate instruments 
for the measurement changes large steel columns under load. 
The writer has noted the description Mr. Howard’s application 
the micrometer and believes that small mirrors might used 
testing large bridge members. Some these mirrors might 
attached directly the column and others could set 
separate axis and made rotate any motion the column. 

this means the bending twisting the member could 
observed state rest and under load, being understood, 
course, that fixed source light furnished for the mirrors, and 
that graduated scales are placed the right distances magnify 
properly all motions the beam and render them calculable. 

The writer understands, course, that this method has not the 
continuous possibilities Mr. Howard’s ingenious centering for his 
micrometer screw, but thought that might have application 
certain the studies column tests, and for movements under 


load. 
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SINKING WET SHAFT. 
Discussion.* 


difficulties mentioned Mr. Hogan are interest the writer 
because they correspond exactly with conditions met driving 
intake tunnel, 1906 and 1907, from the power plant the Central 
Pennsylvania Traction Company, Harrisburg, Pa., the Susque- 
hanna River, distance 1100 ft. This tunnel was driven entirely 
through limestone formation, and was from ft. below the river 
level. sinking the midway shaft and driving the headings for 
200 300 ft. each way from the shaft, H,S gas was encountered 
such quantities cause serious inconvenience the men, and for 
time artificial ventilation was necessary. The gas affected the eyes, 
and the men required frequent medical attention; occasionally their 
eyelids were swollen much that their eyes were entirely closed for 
day two. The tunnel passed directly under the yard the Cen- 
tral Iron and Steel Company, and near two blast furnaces, and the 
gas was attributed the furnace-slag filling which was used ex- 
tensively around the yard the steel works. This explanation was 
rational and satisfactory, but Mr. Hogan’s experience the Rond- 
out shaft, where similar conditions did not prevail, would make 
appear that the gas might have come from other sources. 
several times large volumes water were encountered, the 
workings were flooded, and the pumping difficulties became most dis- 
Although the central shaft was only ft. deep, and the 


*This discussion (of the paper John Hogan, Jun. Am. Soc. E., published 
Proceedings for March, 1911, and presented the meeting May 3d, 1911), printed 
Proceedings order that the views expressed may brought before al] members 
further discussion. 
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writer did not have the additional difficulties high-head pumping, 
Rondout, yet shaft pumps were necessary, and the troubles 
were not overcome until reciprocating pumps were abandoned entirely 
and there had been installed three No. Emerson pumps, which 
times delivered from 1500 2000 gal. per min. Grouting seams 
was resorted to; the most serious case when one heading had 
advanced 400 ft. from the shaft, and the seam was successfully closed 
with grouting forced through 2-in. line from the top the shaft, 
with ordinary hand-power grout-pump, saw-dust being mixed with 
the grout. 

One other difficulty this work, which nearly caused its abandon- 
ment, was large inflow hot water from Paxton Creek, under which 
the tunnel passed. short distance down stream from the center 
line the tunnel, the creek had been dammed, and the pool was 
used reservoir for condensing water the Traction Company’s 
plant and for cooling water the blast furnaces. This point was 
passed during the summer, when the flow the creek was practically 
nil, and the temperature the water passing into the tunnel was, 
times, high 126°, that the men had probably their 
first experience with Turkish bath. This difficulty was not over- 
come until the opening from the creek was located and surrounded 
with 


paper shows that, this work, the greatest obstacles progress were: 
the difficulty keeping the unwatering pumps satisfactory working 
condition, when operating against head exceeding 200 ft., and the 
large number pumps with their connections needed the small 
space available. For instance, depth 300 ft., for delivery 
725 gal. per min., ten pumps were used, although, ordinarily, this 
quantity could delivered two the larger Cameron sinkers. 

The objectionable pulsations the discharge piping were probably 
the result, not the higher pressures, but the increased length 
the column, with the correspondingly increased inertia 
the water this pipe, and greater water-hammer. Pumps the shaft- 
are usually fitted with very small air chambers. would 
interesting experiment fit chamber considerable capacity 
the discharge such pump. Such air chamber could 
designed very narrow width, and long enough 
give the required capacity. For severe conditions additional 
chamber could placed the middle the length the discharge 
pipe. 

Considering the reduction capacity both pumps and all their 
piping and connections, found actual service, and the incon- 
venience caused the fact that they much space, the use 
such air chambers would seem have valuable field; they have 
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been used successfully the penstocks for water-wheels working under 
extreme conditions length supply pipe and variable load; only 
service trial with the system, however, could determine the facts. 


Assoc. Am. Soc. E.—The author has presented 
the eventful history Shaft No. the Rondout Siphon fully 
stated, enlarge upon his sound conclusions. 

perhaps well re-state that structural weakness the 
rocks this point gave any trouble, the case being simply that 
few porous layers heavily charged with water and H,S gas. The 
Binnewater sandstone has strong resemblance the sand rocks 
the oil region, but, instead yielding oil and gas great quantities, 
yields only valueless sulphur water and gas, unless, indeed, some 
day bottled new brand Hunyadi Pluto water. 
the speaker’s opinion, the sulphur gas gave the most serious trouble, 
for besides making hard for men work the shaft, forced 
the water out under pressure and maintained the large and high 
flow encountered. 

one the superintendents well stated, “It would hard 
find another spot yielding water persistently Shaft No. One 
the lessons learned from this work place little reli- 
ance possible vertical sinking pumps hung shaft, and 
use freely horizontal pumps rings chambers, only utilizing sink- 
ers pump from the bottom the shaft the lowest chamber. 
One the most experienced shaft men even used horizontal pumps 
the bottom, slinging them chains order raise and lower 
them the main eable the time shooting. 

described Mr. Hogan, the grouting was great aid 
sinking the shaft, and was very particularly connection 
with heavy seam first encountered. not easy determine 
whether not the grouting the diamond drill holes could off 
much water, but seems have been effective, for, when the side 
the shaft the large chamber was drilled, large quantities water were 
encountered the hole within few feet, but the shaft itself did not 
seem particularly wet that level. 

this had been permanent shaft, probably would have paid 
place lining the wet zone cut off the water. This 
have been readily done pumping the water from the back 
the lining, was done faulted zone Shaft No. 
where 125 gal. per min. were cut off. this way the pumpage could 
have been cut down almost the quantity found the bottom. 

interesting recall that the troublesome layers the shaft 
also proved troublesome the tunnel just north the shaft; that 
they yielded nearly gal. per min. one time for stretch 
searcely more than 100 ft.; and that the grouting, unlike that th: 
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shaft, was not successful cutting off any flow, the porous rock being 
broken faulting that the cement failed cut off the water. 

Eventually, the tunnel dried out the shaft, that the chamber 
pumps were removed the bottom, which time there were four 
separate discharge lines the shaft—two 10-in., and two 12-in. 
Eight air-operated pumps, the Cameron reciprocating type, dis- 
charged into them. Three these had capacity 450 gal., three 
350 gal., one 200 gal., and one 330 gal., making total air- 
pump capacity 2930 gal. per min. against 500-ft. head. ad- 
dition these pumps three 6-stage Worthington centrifugal pumps 
were installed later. These were electrically operated, and their capac- 
ities were 560, 600, and 700 gal., respectively, making total 4790 
gal. per min. against 500-ft. head. 

Very wisely, concrete bulkhead was built, having opening 
closed heavy wooden door. Various pipes for air, water, 
were embedded the bulkhead when the concrete was placed. When 
explosion the dynamite magazine the top the shaft wrecked 
the transformer house, putting the electrical pumps out com- 
mission, the door was closed, shutting off the water the heading, 
and the remaining leakage through the bulkhead was handled the 
air-pumps. This probably saved the shaft from flooding. The ground- 
water Shaft No. has been lowered about 500 ft., and the tunnel 
adjacent making about 1350 gal. per min. 

The bad ground Shaft No. revealed the character the rock, 
that excavation this point was delayed about year. Even with 
this delay, the Gillespie Company expects complete the whole 
contract time. This due the great energy shown the 
beginning, when the work was pushed while Shaft No. was delayed. 
Had not been for the energy and resourcefulness displayed the 
contractor, the work might still far from finished, and, instead 
telling how the job was done, the engineers might looking for 
some one tell them how it. 


tribution engineering literature difficult shaft-sinking. 
describes what without doubt the most trying piece work which 
the engineers the Board Water Supply have encountered, and 
matter congratulation that the resourcefulness the contractor 
accounts, large measure, for the opportunity the history 
this shaft. 

Shaft-sinking pumps will pump, but, under high heads, discharge 
lines with flexible connections act like the weakest link chain. 
The author fully points out their weaknesses that respect, and the 
lesson learned embodied the successful application con- 
rings and chambers where the duties the sinkers can 
ferred horizontal pumps with rigid connections. 


Mr. 
White. 


Mr. 
Hale. 


ii 
By 
Ay 


Mr. 
Hale. 


828 DISCUSSION SINKING WET SHAFT 


Mr. White’s discussion touches the general conditions met the 
tunnel driven north from Shaft No. which the strata porous 
rock corresponding that the chamber were struck, resulting 
increased flow the tunnel and absolute loss water the shaft. 
fortunate that the intimate relation between the chamber and the 
porous zone, penetrated later the heading, existed, account its 
bearing the tunnel driven from Shaft No. southward through the 
Helderberg limestone. The maximum flow into the tunnel (2000 gal. 
per min.) lowered the water level the whole region more rapidly than 
would have been the case had the greatest amount pumping been 
confined the water flowing into the chamber alone. 

the tunnel driven south from Shaft No. approximately 000 ft. 
were zone overthrust faults and vertical fractures, extending 
from Station 587 Station 597. every case the fractures running 
diagonally across the tunnel showed water-worn surfaces and cavities 
which had been enlarged solution time when the region was 
above sea level. The result was that these most which 
extended far above the tunnel roof and unknown distances both 
directions, were completely filled with clay, which con- 
tained absolutely grit. one wide seam there was found bed 
clean sharp sand, with small proportion pebbles. The bed 
thinned out the edges where pierced the surrounding clay. 

the tunneling these seams dropped their contents into the head- 
ing, but only one case was there any flow water into the tunnel. 
The first clay pocket containing sand gave flow about 200 gal. 
per min. Before the subsequent caves had been opened up, the 
chamber Shaft No. ran dry, causing the flow the tunnel 
decrease less than 100 gal. per min. for its whole length. water 
accompanied the inflow soft clay after the first encounter; therefore 
only small proportion clay the seams had taken care of. 
The seams cleared themselves wholly only for that portion their 
length covered little more than the width the tunnel. Beyond 
this, they held the clay contained them and gave very little trouble 
thereafter. 

Some these caves are considerable size, the largest being about 


ft. wide, ft. high, and extending for about ft. one 
side the tunnel. 

With such conditions, therefore, the results might have been far 
worse had the ground-water not been lowered below the level the 
tunnel the large inflow water Tunnel No. North, which, 
the foot Shaft No. about 145 ft. lower. 
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will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


GEORGE BOWERS CALDWELL, Am. Soe. E.* 


Marcu 31st, 1911. 


George Bowers Caldwell, son Lucia Morgan and Lewis Cald- 
well, was born Lowell, Mass., April 11th, 1863, where received 
his early education the publie schools. the age seventeen, 
became apprentice the Lawrence Manufacturing Company, 
Lowell, serving his time the shops and drafting room. 
the end his four years’ apprenticeship remained with that com- 
pany, Assistant the Master Mechanic, until 1889, when ac- 
cepted the position Master the Washington Mills Com- 
pany, Lawrence, Mass., where, for four years, was charge the 
drafting room, well the construction and repair work. 

1893 Mr. Caldwell entered the employ Westinghouse, Church, 
Kerr, and Company, and retained his connection with this firm until 
his death. During this period was responsible charge design- 
ing and constructing many works engineering interest, among 
which were the following: 

The mechanical and electrical features the South Terminal Sta- 
tion, Boston, Mass.; the Pittsburg Terminal the Pittsburg and 
Lake Erie Railroad; the railroad shops the Pittsburg and Lake Erie 
Railroad Rocks; and the construction the Kingsbridge 
Power Station the Third Avenue Railroad. also supervised the 
design and installation the electrification the Long Island Rail- 
road, including the large power-house Long Island City. was 
charge the design and construction the mechanical and electri- 
cal features the Pennsylvania Terminal Station, New York City, 
but was obliged relinquish just before was completed. all 
his work showed engineering qualifications high degree. 

1889 Mr. Caldwell married Mary Fraser Lowell, Mass., 
who, with four children, survives him. 

After the completion his work connection with the South 
Terminal Station, 1899, Mr. Caldwell moved Yonkers, 
where resided until his death. 

took active interest and social affairs, and was well 
and widely known the neighborhood his home, being active 
worker and Trustee the Baptist Church the Redeemer and 
Charter Member the Nappeckamack Club, Yonkers. was also 
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Member the American Society Mechanical Engineers, the 
Grecian Lodge, M., and the Mt. Sinai Chapter, 
Lawrence, Mass. 

Mr. Caldwell was man unwavering integrity and great 
energy, inspiring perfect confidence and respect all those with whom 
dealt. was not only loving, but wise parent, and his death 
leaves void, not only the hearts his family, but the hearts 
those for whom worked and who worked for him. 

Mr. Caldwell was elected Member the American Society Civil 
Engineers April 1908. 


JOHN FRANKLIN HINCKLEY, Am. Soc. E.* 
Diep 1911. 


John Franklin Hinckley was born Boston, Mass., December 
13th, 1849. His parents were John Loving Hinckley and Emeline 
Hinckley. received his education the schools and the 
English High School Boston. 

His father was engaged the railroad business the West, and 
July, 1868, Mr. Hinckley joined the Engineering Corps the 
and Pacific Railroad (now the St. Louis and San Francisco 
Railroad), and was Assistant Engineer its construction from April, 
1869, until May, 1870, and Assistant Engineer surveys until July, 
1871, which time entered the service the Missouri Pacific 
and was employed the construction its Lexington Branch. 

From January 1872, August, 1873, Mr. Hinckley was Assistant 
Engineer the Indiana and Illinois Central Railroad, and from 
August, 1873, December, 1875, was employed Chief Engineer 
the Havana, Rantoul and Eastern Railroad. December, 1878, 
was appointed Division Engineer charge the construction 
miles the Chillicothe, Brunswick and Omaha Railroad. 
July, 1879, entered the service the St. Louis and San Francisco 
Railroad, remaining the Company’s employ Division Engineer 
and Principal Assistant Engineer until January, 1887, when was 
appointed Chief Engineer the St. Louis, Arkansas and Texas Rail- 
way (now the St. Louis Southwestern Railway), and had charge 
the branches Shreveport, La., Hillsboro, Tex., Little 
Rock, Ark., Fort Worth and Sherman, Tex., until July, 1888, when 
he resigned. 

1888 and 1889, Mr. Hinckley was Assistant Robert Moore, 
Past-President, Am. E., the Merchants Bridge Terminal 
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Railway St. Louis, Mo., and from 1889 1894, was associated 
with Messrs. Scott and Hedges contracting work and 
quarry. During this time did great deal work for the 
Kansas City, Nevada and Fort Smith Railroad and for the Missouri, 
Kansas and Texas Railway, and was also engaged private practice. 

August, 1894, Mr. Hinckley was appointed Chief Engineer 
the Choctaw, Oklahoma and Gulf Railroad (now the Rock Island Com- 
pany), and constructed the line from Oklahoma City. 
January, 1896, was engaged Chief Engineer Construction 
the St. Louis and San Francisco Railroad, and had charge the 
construction many miles this road, mostly Oklahoma and 
Texas, including the lines from Bolivar Osceola, Mo.; from Sapulpa 
Oklahoma City, Okla.; from Sapulpa, Okla., Sherman, Tex.; 
from Tulsa Avard, Okla.; and from Sherman Carrolton, Tex. 
the Fort Worth and Rio Grande Railway, was charge the 
construction from Brownwood Brady, Tex., and supervised the con- 
truction the line from Hope Ardmore, Mo., and from Oklahoma 
Quanah, Tex. also supervised the construction the 
Blackwell, Enid and Southwestern Railway, from Okeen, Okla., 
Vernon, Tex. 

January, 1904, Mr. Hinckley was appointed Chief Engineer 
the Frisco, remaining this position until February, 1909. During 
this time supervised the construction the St. Louis, Brownville 
and Mexico Railway, the Colorado Southern, the New Orleans and 
Pacific, and the New Orleans Terminal Railway. During his service 
with this road (1896-1909), about 1800 miles the present “Frisco 
System” were built under his supervision. his resignation Chief 
Engineer, February, 1909, engaged private practice, opening 
office St. Louis, Mo. His death, which February 
20th, 1911, after short was caused pneumonia. 

Mr. Hinckley was closely identified with the development what 
now the State Oklahoma through his work railroad construction. 
was courteous man, kind and considerate his subordinates 
and ever willing promote the younger men his employ; conse- 
quently, had the esteem and confidence his assistants marked 
degree. was studious permitted his active life and owned 
one the best libraries St. Louis. Although did not seek 
general society, was hospitable and friendly, especially those his 
Profession, and will greatly missed all who knew him. 

Mr. Hinckley was elected Member the American Society 
Civil Engineers May 6th, 1885. was also Member the 
American Railway Engineering and Maintenance Way Association, 
the American Society for Testing Materials, the Engineers’ Club 
St. Louis, and other societies. 
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LOUIS EDWIN HAWES, Assoc. Am. E.* 


Diep JANUARY 1911. 


Louis Edwin Hawes, son Henry and Frances (Wesson) 
was born Springfield, Mass., January 27th, 1860, his 
mother being sister the late Daniel Wesson, head the world- 
famous firm manufacturing the Smith and Wesson revolver. 

His youth was passed his native city, where, the age fifteen, 
the eldest child widowed mother with six children, the stern duty 
for and maintaining the family was suddenly thrust upon 
him. That this duty was faithfully performed attested the filial 
affection and deep family devotion which characterized Mr. Hawes 
throughout his life. 

studied the Worcester, Mass., Polytechnic Institute, where 
entered with zest into the sports the day, being especially skilled 
base-ball. played the violin the orchestra the Institute. 
this graduation, 1882, with the degree once began 
active work his chosen profession. the summer 1882 was 
Levelman and Assistant Engineer the location survey for the Meri- 
and Cromwell Railroad Connecticut, and later the year, As- 
sistant Engineer water-works construction Northboro, Mass. 
During 1883 and 1884, was Assistant Engineer the Wakefield, 
Stoneham, and North Attleboro, Mass., water-works. 1885 was 
Resident Engineer the Norwood, Mass., water-works, and 1886 
served the same capacity the Juniper Hill Reservoir, Rockland, 
Me., and was charge the surveys for sewerage system Hyde 
Park, Mass. 

1887 was employed Resident Engineer the construction 
the Ayer, Mass., water-works, and, 1888, Assistant Engineer 
the Dover, H., water-works, his work for the preceding five years 
having been under Mr. Perey Blake. 

1889, Mr. Hawes began business for himself, opening office 
Boston, Mass. continued active practice civil and hydraulic 
engineer and contractor until his death, period twenty-two 
years. During this time investigated, designed, and reported 
constructed new water-works systems improved old ones about 
forty towns and cities New England and the West, and was fre- 
quently ealled expert the appraisal water-supply plants, 
legal controversies, and other matters involving questions. 
Among the places where did work may mentioned, Avon, Need- 
ham, Provincetown, Lexington, Holden, Falmouth, Ames- 
bury, Milford, Whitman, Edgartown, and Marion, 
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Middlebury, Vt.; Alton, and Independence and Newton, Kans. 
designed and reported system sewerage and sewage disposa! 
for Wakefield, Mass., and, 1895, was Chairman the Sewerage Com- 
mission that town. the time his death was Treasurer and 
Manager the Edgartown Water Company. 

Mr. Hawes was man pleasing personality, unswerving integrity, 
strong religious conviction, and, engineer, thoroughly reliable, 
painstaking, and observant every detail. During close professional 
association more than ten years, the writer never heard him utter 
violent unchaste remark speak ill any one. One his con- 
temporaries writes: 

“Mr. Hawes was careful and painstaking engineer ability and 
good judgment. Although modest and retiring his manner, gave 
all matters entrusted his attention full consideration and the 
benefit well-balanced judgment. Whatever did, did well.” 

The Chairman the Water Commissioners Holden, Mass., re- 
ferring the monthly estimates prepared Mr. Hawes, wrote: “They 
are models clearness and mathematical accuracy.” 

June 16th, 1886, Mr. Hawes married Miss Hattie Emerson, 
Wakefield, Mass., who, with daughter and son, survives him. 

Mr. Hawes was admitted the New England Water-Works Associa- 
tion, December 12th, 1888; and the Boston Society Civil 
Engineers, June 20th, 1894. 

was elected Associate Member the American Society 
Civil Engineers, September 2d, 1896. 
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